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COMPOSITIOHS OF WIT I GEN CONTAINING RECOMBINANT SALMONELLA. THEIR USE 
IN ANTI-MALARIAL VACCINES AND METHOD FOR THEIR PREPARATION 

Crosa-Refarenca to Related Appllcationa 

10 This application Is a continuation-in-part of 

copending U.S. Application Ho. 07/868,950 filed April 13, 
1992 which la a continuation-in-part of U.S. application 
No. 07/783, 74 B filed November 7, 1991, which Is a 
continuation-in-part of U.S. Application No. 07/612,001, 

15 fllad November 9, 1990; which la a continuation-in-part of 
U.S. Application Serial No. 200,934, fllad June 1, 1988, 
which Is a continuation-in-part of copending U.S. 
Application Serial No. 058,360, fllad June 4, 1987; U.S. 
Application Serial No. 200,934 la also a continue tl on- ln- 

20 part of copending U.S. Application Serial No. 251,304, 
filed October 3, 1988, which is a continuation-in-part of 
copending U.S. Application Serial No. 106,072, filed 
October 7, 1987. This application is also a continuation- 
in-part of U.S. Serial No. 331,979, filed March 31, 1989. 
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These applications are hereby Incorporated herein by 
reference. 

Field of the In^nHon 

This Invention relates to avirulent microbes 
5 expressing recombinant protozoan antigens, their Method of 
preparation, and their use In vaccines. More specifically, 
it relates to evlrulent Salmonella that express Imnunogenlo 
antigens of Plasmodium. 

Background of the Invention 
10 Malaria continues to be a widespread and 

debilitating human disease that la caused by a protozoan 
parasite, Plasmodium sod.., injected by mosquitoes of the 
genus Anopheles. The moat commonly fatal species of 
PlgWggAum in humane 1. £. falciparum. Various forms of 
15 treatment or prevention of malaria are known, but, 
heretofore, an effective vaccine preventing the disease has 
not been developed. 

Studies Involving genetic end protein analysis of 
P l ngffigdiQ have determined that certain repeat sequences in 
20 the drcumsporoxoite <CS) proteins of Plasmodia .re 
Immunodominant antibody recognition sites in plasmodlal 
infection, it has also been shown that antibodies raised 
against CS proteins confer protection against experimental 
£. fa l c i parum challenge. The use of CS proteins directly 
25 mm a vaccine is limited because of absence of a T-oell 
epitope and also because purified, netlve CS is difficult 
and expensive to produce end the recognition of CS, at 
least in mice, la mhc restricted. It has also proved to be 
difficult to expresa the entire CS protein in e prokaryotlc 
30 host. Such a vaccine would also require parenteral 
administration, thus is not amenable for mass, 

vaccination purposes, particularly in underdeveloped 
nations that have a relatively high Incidence of malarial 
Infection. 
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In the design of an affective vaccina. It is 
desirable to provide optimal delivery to the immune system 
to produce a Maximal antibody response. This consideration 
has resulted In the development of recombinant hybrid 
5 fusion proteins which have Incorporated viral epitopes Into 
highly immunogenic proteins such as hepatitis B core 
(HBcAg) (Clarke et el.. Nature, London 330, 381-384, 1987) 
or surface ( HBsAG ) (Delpeyroux et al. , Science, 223, 472- 
475, 1986) antigen particles, the Ty element of yeast 

10 (Adams et al.. Nature, London, 329, 68-70, 198B) or 
pollovlrus virions (Burke et el.. Nature, London, 332, 81- 
82, 1988). Bach of these studies discuss the Incorporation 
of viral epitopes into an Immunogenic structure for use as 
a viral vaccine (Clarke 1967), but do not address the 

15 viability or usefulness of such an approach to combat e 
pro t ozoan- based disease, such es malaria. 

it would, therefore, be advantageous to provide an 
effective anti-malarial vaccine which Is capable of 
providing protective Immunity. 

20 Brief Description Of the Invention 

Oral vaccines utilising live avirulent derivative of 
a pathogenic microorganisms have several advantages. For 
example , they ere economically desirable In that they 
elimlnata the cost of purification of the immunogenic 

25 antigens. Also, they Involve non- invasive techniques for 
administration, and thus axe more suitable to mass 
vaccination programs. Another advantage is that an oral 
vaccine delivers replicating organisms to the mucosal 
Immune system where local responses are maximally 

30 stimulated . 

Attenuated Salmonelln. such as 5^ typhi . p., 
£ypM»urlus» or Sj. cholerasulH are attractive candidates to 
serve as carrier vaccines for the expression of Plasmodium 
antigens and for their delivery to the human immune system. 

35 The resulting vaccines may be bivalent, and confer 
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protection against- Salmonella -based disease and Plasmodium 
infection, as well as to other enteric bacteria with which 
antibodies to Salmonella cross react. However, e critical 
prerequisite for successfully using this approach in 
5 immunizing humans is that there must exist highly 
Immunogenic yet safe attenuated strains of salmonella to 
deliver the plasmodlal antigens to the immune system. In 
addition, the plasmodlal antigens should be stably 
expressed In the avirulent derivative of a pathogenic 

10 strain, and be capable of eliciting protective immune 
responses in the Immunized individual. 

Accordingly, one embodiment of the Invention is e 
composition comprised of live avirulent Balmope J U a that 
expresses at least one recombinant immunogenic epitope of 

15 Plasmodium. 

Another embodiment of the Invention is an 
immunogenic composition . comprised of live avirulent 
Bolffignfllla that expresses et least one recombinant 
immunogenic epitope of Plasmodium wherein the immunogenic 

20 epitope is one from the clrcumsporozolte proteins of 
P l asmodium ,, and wherein the salmonella also expresses a 
region encoding HBV core antloen (HbcAg ) to yield a 
polypeptide that forms a particle, and wherein the 
Salmonella is a Afiyfi Acrp Acdt mutant. 

25 *«* another embodiment of the invention, the 

SolTOftellfl in the immunogenic compositions of the above 
embodiments are also 6asA mutants, and the polypeptides 
encoding the plasmodlal epitopes are expressed from a 
vector also encoding aspartate semleldehyde dehydrogenase 

30 <Asd), such that loss of Asd expression also causes loss of 
expression of the polypeptides comprised of the Plasmodium 
epitopes. 

Yet another embodiment of the invention is a method 
of preparing a vaccine comprising providing a composition 
35 comprised of live avirulent Salmonella that expresses at 
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least one recombinant Immunogenic epitope of Plagi^pdlmn . 
and nixing the composition with a suit obis utclplent. 

Brief Doacrlptlon of the Drawl now 

Figure 1 le an Illustration of the oligonucleotide 
5 sequences which encode the amino acid sequences of the CS 

repeat sequences of P. falciparum, and P. barohel . 

Figure 2 la an Illustration of the structure of the 

KBc-CS repeat hybrids prepared In accordance with the 

teachings of this Invention. 
10 Figure 3 Is a graph which shows the recovery of CPU 

fron the Peyer'a patches of 6 week old BALB/c nice at 

specified times after peroral Inoculation with 9 x 10* CFU 

of %3 622 <A[cj3*-£Xflfi) -1& > , 1x10* CFU Of %3737 

(pSDHOVACcxs-CSCaS) -Ifl) end 1 x 10* CFU of X3339 {wild 
15 type). Three nice were sacrificed for each tie© point. 

The results are given . as geometric neans ♦ standard 

deviations. 

Figure 4 Is a graph which shows the recovery of CFU 
from the spleens of 6 -week -old BALB/c female mice at 
20 specified tlMi after peroral Inoculation with 9 x 10* CFU 
, of x3622 (Af crP - cvsG I - 10 1 x 10' CFU of X3737 
(pSD110*/A[czs-cysS] -lfl) and 1 x 10* CFU of X3339 (wild 
type). Three mice were sacrificed for each tine point. 
The results are given as geonetrio neans ± standard 
25 deviations. 

Figure 5 Is a partial restriction nap of pYA1077. 
The 1.0 kb H* leprae insert DNA fragnant fron Xgtll clone 
L14 was subcloned Into the EcqRX site of pYA292. There Is 
a single esymnetrlcal gaJLZ site within the H. leprae Insert 
30 DNA. There are no sites within the M- le prae . Insert DNA 
for the following restriction endonudeasest BanHl. 
BlXjdIII, Pstl. and Xba l . 

Figure 6 Is a half-tone reproduction showing a 
Western blot of proteins produced by £. typhi , £. 
35 tYPh4«vrAun, and £. coll strains harboring pYA1077 and • 
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PYA1078. The proteins on the nitrocellulose filters were 
reacted with pooled sera from 21 lepronatous leprosy 
patients . Lena 1 , molecular alxe markers { sizes are 
Indicated to the left of the blot ) ; Lane 2, proteins 
5 specified by fi. tYPhl X*297 with pYA292; Lanes 3 to 5, 
proteins specified by three Independent fi. typhi x*297 
isolates each containing pYA1078; Lanes 6 to 8, proteins 
specified by three Independent isolates of fi. typhi x*297 
Isolates each containing pYA1077; Lane 9, proteins 

10 specified by fi. typhi murium x *074 with pYA1077j Lane 10, 
proteins specified by fi. salL X&060 with pYA1075 <a pUC8-2 
derivative containing the 1.0 kb ft. leprae DNA insert fron 
Xgtll clone LI 4 in the same orientation relative to the 
XasZ promoter as It is In pYA1077). Note: the 

15 immunologically reactive protein specified by pYA1075 Is 
slightly larger than that specified by FYA1077 because It 
is a fusion protein with the alpha region p-ga lac toe Idas*. 

Figure 7 Is a half-tone reproduction showing a 
western blot of proteins produced by Xgtll tifj. leprae clone 

20 LI 4 and fi. tYPM , fi. tvchtmnriu, and £. call strains, 
harboring pYA292, pYA1077 and pYA1078. 

Figure 8 Is a graph showing the growth of wild-type 
and mutant strains of fi. tvohl Ty2 and 1SF1820 at 37 'C in 
human sera . 

25 Figure 9 is a half-tone reproduction showing a 

Western blot of proteins produced by £_•_ tvphimuritm 
expressing KBc-CS genes. 

Figure 10 Is a plesmld map of pYBC75CSl. 
Figure 11 Is a plasmld nap of pYBC75CS2. 
30 Modes for Cnrrvln f Out HHm Iwentlaii 

Invasive yet attenuated SfllRgnollfl are desirable 
carrier microorganisms for the delivery of antigens to the 
mucosal and systemic inmune systems by the oral route. In 
the current Invention, avlrulent derivative of a pathogenic 
35 (also referred to as attenuated) strains of Salmonella are 
used as carrier organisms for the expression of immunogenic 
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Plasmodium antigens from recombinant DMA constructs. The 
. BalmflneUP expressing the Immunogenic recombinant antigens 
are useful fox, inJfcex fiULa* the preparation of multl-valent 
oral vac c i n es . 

The practice of the present Invention will employ, 
unless otherwise Indicated, conventional' techniques of 
molecular biology, microbiology, * recombinant DMA, and 
Immunology, which are within the skill of the art. Such 
techniques are explained fully In the literature. See 
e.g., Manlatls, Prltsch fc Sambrook, MOLECULAR CLONING; A 
LABORATORY MANUAL, Second Edition (1989); DMA CLONING, 
VOLUMES X AND XX (O.N. CI Over ed. 1985)f OLIGONUCLEOTIDE 
SYNTHESIS (M.J. Celt ed, 1964); NUCLEIC ACID HYBRIDIZATION 
<B.D. Haves £ S.J. Hlgglns eda. 1984); TRANSCRIPTION AND 
TRANSLATION (B.D. Harass £ S.J. Hlgglns eds. 19B4); ANIMAL 
CELL CULTURE (R.X. rreshney ed. 1986); IMMOBILIZED CELLS 
AND ENZYMES ( IRL Press. 1986); B. Perbal, A PRACTICAL GUIDE 
TO MOLECULAR CLONING (1984)1 the series, METHODS IN 
BNZYMOLOGY (Academic Press, Inc.); GENE TRANSFER VECTORS 
FOR MAMMALIAN CELLS { J.H. Miller and M.P. Calos eds. 1987, 
Cold Spring Harbor Laboratory), Methods In Bnxymology Vol. 
154 and Vol. 155 (Wu and Grossman, and Wu, Eds., 
respectively), Mayer and Walker. eds. (1987), 

IMMUNOCHEMICAL METHODS XN CELL AND MOLECULAR BIOLOGY 

(Academic Press. London), scopes, (1987), PROTEIN 
PURIFICATION: PRINCIPLES AND PRACTICE, Second Edition 
(Sprlnger-Verlag, N.Y. ), and HANDBOOK OF EXPERIMENTAL 
IMMUNOLOGY, VOLUMES I-IV (D.M. Weir and C.C. Bleclcwell eds. 
1986). All patents, patent applications, and publications 
mentioned herein, both supra and Infra, ere hereby 
Incorporated herein by reference. 

As used herein, a polynucleotide 'derived from" a 
designated sequence refers to a polynucleotide sequence 
which Is comprised of a sequence of approximately at least 
about 6 nucleotides, preferably at ff least about 8 
nucleotides, more preferably at least about 10-12 
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nucleotides, and even sore preferably at least about 15-20 
nucleotides corresponding to a region of the designated 
nucleotide sequence. "Corresponding" means homologous to 
or complementary to the designated sequence. Regions from 
5 which typical polynucleotide sequences may be "derived" 
Include but are not limited to, for example, regions 
encoding specific epitopes, as well as non- transcribed 
and/or non-translated regions. 

The derived polynucleotide Is not necessarily 

10 physically derived from the nucleotide sequence shown, but 
may be generated in any manner, including for example, 
chemical synthesis or DNA replication or reverse 
transcription or transcription. In addition, combinations 
of regions corresponding to that of the designated sequence 

15 may be modified in ways known in the art to be consistent 
with an intended use. 

Similarly, a polypeptide or amino add sequence 
"derived from" a designated nucleic acid sequence refers to 
a polypeptide having an amino acid sequence Identical to 

20 that of a polypeptide encoded In the sequence, or a portion 
-thereof wherein the p o rt ion consists of at least 3-5 amino 
acids, and more preferably at least 8-10 amino acids, and 
even more preferably at least 11-15 amino acids, or which 
Is immunologically Identifiable with a polypeptide encoded 

25 In the sequence. This terminology also Includes a 
polypeptide expressed from a designated nucleic acid 
sequence. The term "polypeptide" refers to the primary 
amino acid sequence of a protein; polypeptides may be 
subsequently modified by modifications known within the 

30 art, for example, phosphorylation, glycosylatlon, Intra- 
dl sulfide bonding, and still be within the definition of 
"polypeptide" . 

A recombinant or derived polypeptide is not 
necessarily translated from e designated nucleic acid 

35 sequence. It may be generated In any manner, including for 
example, chemical synthesis, or expression of a recombinant 
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expression system, or Isolation from a microorganism. A 
recombinant or derived polypeptide nay Include one or no re 
analogs of aaino acids or unnatural amino acids In Its 
sequence. Methods of Inserting analogs of amino adds Into 
5 a sequence are known In the art. It also nay Include one 
or more labels, which are known' to those of skill in the 
art. 

The tern "recombinant polynucleotide" as used herein 
Intends a polynucleotide of genomic, cDNA, semisynthetic, 

10 or synthetic origin which, by virtue of its origin or 
manipulation: (1) is not associated with all or a portion 
of a polynucleotide with which It is associated In nature, 
(2) is linked to e polynucleotide other than that to which 
It is linked In nature, (3) does not occur In nature, or 

15 (4) 18 not In the form of a library. 

The tern "polynucleotide" as used herein refers to 
a polymeric foro of nucleotides of any length, either 
ribonucleotides or deoxyrlbonucleotldes. This tern refers 
only to the primary structure of the molecule. Thus, this 

20 tern Includes double- and single- stranded DNA and RNA. it 
also Includes known types of modifications, for example, 
labels which are known in the art, aethylation, "caps", - 
substitution of one or nore of the naturally occurring 
nucleotides with an analog, Internucleotlde modifications 

25 such as, for example, those with uncharged linkages (e.g., 
methyl phosphanatea, phoapho tries tare, phosphoamldates, 
carbamates, etc.) and with charged linkages (e.g., 
phosphorothloates, phosphorodlthloates, etc.), those 
containing pendant moieties, such as, for example proteins 

30 (Including for e.g.. nucleases, toxins, antibodies, signal ' 
peptides, poly-L-lysLne. etc.), those with intercalators I 
(e.g., aeridlne, psoralen, etc.), those containing 
chelators (e.g., metals , radioactive metals , boron, 
oxidative metals, etc.), those containing alkylators, those 

35 with modified linkages (e.g., alpha enomerfc nucleic acids, 
etc.), as well as unmodified forms of the polynucleotide. 
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The tern "purified polynucleotide" refers to a 
polynucleotide which Is essentially free, i.e., contains 
less than about 50%, preferably less than about 70%, and 
even nore preferably less then about 90% of polypeptides 
5 with which the polynucleotide Is naturally associated. 
Techniques for purifying polynucleotides from bacteria are 
known in the art, and Include for example, disruption of 
the bacteria with a chaotroplc agent, differential 
extraction and separation of the polynucleotide a ) and 

10 polypeptides by ion-exchange chromatography, affinity 
chromatography, and sed 1 mentation according to density. 

"Recombinant host cells", "host cells", "cells", 
"cell lines", "cell cultures", and other such terns 
denoting microorganisms or higher eukaryotlc cell lines 

15 cultured as unicellular entities refer to cells which can 
be, or have been, used as recipients for recombinant 
vectors or other transfer DNA, end Include the progeny of 
the original cell which has been transf acted . It Is 
understood that the progeny of e single parental oell nay 

20 not necessarily be completely Identical In morphology or in 
genomic or total DNA complement as the original parent, due 
to natural, accidental, or deliberate mutation. 

A "replleon" Is any genetic element, e.g., a 
plasaid, a chromosome, a virus, a cosmld, etc. that behaves 

25 as an autonomous unit of polynucleotide replication within 
a cell; i.e., capable of replication under its own control. 

A "vector" Is a replleon in which another 
polynucleotide eegment Is attached, so as to bring about 
the replication and /or expression of the attached segment. 

30 "Control sequence" refers to polynucleotide 

sequences which are necessary to effect the expression of 
coding sequences to which they are 11 gated. The nature of 
such control sequences differs depending upon the host 
organism; In prokaryotes, such control sequences generally 

35 Include promo tarn, rlbosonal binding sites, and 
terminators j in euxaryotca, generally, such control 



W0MO4Z91 



PCT/US94/0«« 



11 

sequences Include proooters, terminators and, in some 
Instances , enhancers . The terra "con t rol sequences* Is 
Intended to Include, at a minimum, all components whose 
presence Is necessary for expression, and nay also Include 
5 additional c o mp on ents whose presence is advantageous, for 
example, leader sequences. 

"Operably linked" refers to a Juxtaposition wherein 
the co mp onents so described are in a relationship 
permitting them to function in their intended Banner. A 

10 control se que nce "operably linked" to a coding sequence is 
llgated in such a way that expression of the coding 
sequence is achieved under conditions compatible with the 
control sequences. 

The term "expression vector" as used herein refers 

IS, to a vector in which a coding sequence of Interest is 
operably linked to control sequences. 

A "recombinant gene", as used herein, is defined as 
an identifiable segment of polynucleotide within a larger 
polynucleotide molecule that is not found in association 

20 with the larger molecule in nature. The recombinant gene 
may be of genomic, cDNA, semisynthetic, or synthetic 
origin. 

A "heterologous" region of a DNA construct Is an 
identifiable segment of DMA within or attached to another 

25 ONA molecule that is not found In association with the 
other molecule in nature. Thus, when the heterologous 
region encodes a bacterial gene, the gene will usually be 
flanked by DHA that does not flank the bacterial gene In 
the genome of the source bacteria. Another example of the 

30 heterologous coding sequence is a construct where the 
coding sequence Itself Is not found in nature (e.g., 
synthetic sequences having codons different from the native 
gene). Allelic variation or naturally occurring mutational 
events do not give rise to a heterologous region of DHA, as 

35 used herein. « 
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As used herein, "DAP" refers to both stereoisomers 
of dlamlnoploellc acid end its salts, I.e., both the IX- 
and me so- forms, unless otherwise shown by specific 
note titan. 

5 The gene symbols for mutant strains utilised herein 

are those described by Bachmann (1987), and Sanderson and 
Roth ( 1987 ) . The symbols used for transpoeons, 

particularly T nlO. follow the convention described in 
Bukharl et al. (1977). 

10 An "Individual" treated with a vaccine of the 

Invention is defined herein es Including all vertebrates, 
for example, mammals, including domestic animals end 
humans, various species of birds, including domestic birds, 
particularly those of agricultural Importance. In 

15 addition, mollusks and certain other Invertebrates have a 
primitive limine system, and are included as an 
-individual". 

"Transformation", as used herein, refers to the 
insertion of an exogenous polynucleotide Into a host cell, 

20 irrespective of the method used for the Insertion, for 
example, direct uptake, electroporatlon, transduction, or 
conjugation. The exogenous polynucleotide, may be 
maintained as a non- integrated vector; such as a plasmld, 
or alternatively, the total or part of the polynucleotide 

25 may be integrated within the host genome. 

As used herein, a " phoP gene or its equivalent" 
refers to a gene which encodes a product which regulates 
the expression of other genes , Including loci encoding 
virulence attributes (for example, facilitating 

30 colonization. Invasiveness, damage to an infected 
individual, and survival within macrophages or cells in the 
immune defense network), and including a gene encoding a 
phosphatase, for e.g., PhoN In Salmonella. 

Organisms which may contain a " phoP gene or Its 

35 equivalent" Include all members of the family 
SnterobacterlacMo (e.g., £. coll . Salmonella ,,. Proteus . 
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Klebsiella,. Serratia . Providancla , . d ^r q bactcr . 
Edwards lella. Hafnla. and Bnterobacter 1 . Beaten of other 
bacterial QeiMira (e.g., Etaphvlooaceun. Rhlrobluw . 
rtYPgbPCtorlwq, Aerpba,gtor. &ls&UonSA. and Bacillus, and 
S several Ca n d id a, ipeclea. The phop product is a regulator 
of add phosphatases t*ier ct al. (1979)]. 

As used herein, a "pathogenic microorganism" cauaaa 
symptoma of a dlaaaae associated with the pathogen. 

An "avlrulent microorganism" also referred to as an 

10 avlrulent derlvatllve of a pathogenic microorganism Is one 
which has the ability to colonise and replicate In an 
Infected individual, but which does not cause disease 
symptoms associated with virulent strains of the same 
species of microorganism. Avlrulent does not mean that a 

15 microbe of that genus or species cannot ever function as a 
pathogen, but that the particular microbe being used is 
avlrulent with respect to the particular animal being 
treated. The microbe may belong to a genus or even a 
species that is normally pathogenic but must belong to e 

20 strain that is avlrulent. Avlrulent strains are Incapable 
of Inducing a full suite of symptoms of the disease that le 
normally associated with Its virulent pathogenic 
counterpart. Avlrulent strains of microorganisms may be 
derived from virulent strains by mutation. 

29 The term "microbe'* as used herein includes bacteria, 
protozoa, and unicellular fungi. 

A "carrier* microbe is an avlrulent microbe as 
defined above which contains and expresses a recombinant 
gene encoding a protein of interest. As used herein, e 

30 "carrier microbe" Is a form of a recombinant host osll. 

An "antigen" refers to a molecule containing one or 
more epitopes that will stimulate a host's Immune system to 
make a secretory, humoral and/or cellular antigen- specific 
response. The term is also used interchangeably with 
35 " lmmunogen . " 
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A "hapten" is e molecule containing one or more 
epitopes that does not Itself stimulate a host's Immune 
system to make a secretory, humoral or cellular response. 

The term "epitope* refers to a site on an antigen or 
5 hapten to which an antibody specif lo to that site binds. 
An epitope could comprise 3 amino acids In a spatial 
conformation which is unique to the epitope; generally, an 
epitope consists of et least 5 such amino acids, and more 
usually, consists of at least 8-10 such amino acids. The 

10 term is also used Interchangeably with "antlgenlo 
determinant" or "antigenic determinant Bite." 

An "Immunological response" to a composition or 
vaccine Is the development In the host of cellular and/or 
antibody-mediated Immune response to the composition or 

IS vaccine of Interest. Usually, such a response consists of 
the subject producing antibodies. B cells, helper T cells, 
suppressor T cells, and/or cytotoxic T cells directed 
specifically to an antigen or antigens Included In the 
composition or vaccine of Interest. 

20 A "vertebrate" Is any member of the subphylum 

Vertebra ta, a primary division of the phylum Chorda to that 
Includes the fishes, amphibians, reptiles, birds, and 
mammals, all of which ere characterised by a segmented bony 
or cartilaginous spinal column. All vertebrates have a 

25 funct i o n al Immune system and respond to antigens by 
producing antibodies. 

The term "protein" is used herein to designate a 
naturally occurring polypeptide. The term "polypeptide* is 
used In its broadest sense, i.e., any polymer of amino 

30 acids (dlpeptlde or greater) linked through peptide bonds. 
Thus, the term "polypeptide" Includes proteins, 
oligopeptides, protein fr a g e e n ta, analogs, mutelns, fusion 
proteins and the like. 

An "open reading frame" (ORF) la a region of e 

35 polynucleotide sequence which encodes a polypeptide; this 
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region may represent a portion of a coding sequence or a 
total coding sequence. 

A "coding sequence" Is a polynucleotide sequence 
which la transcribed' Into mRNA and/or translated Into a 
5 polypeptide when placed under the control of appropriate 
regulatory sequences . The boundaries of the coding 
sequence are determined by a translation start oodon at the 
5 ' - terminus and e translation stop codon at the 3 ' - 
terminus. a coding sequence can Include, but is not 
10 United to mRNA, oDNA, and recombinant polynucleotide 



' Identifiable with/as" refers to the 
presence of epltope(s) and polypeptide ( s ) which are also 
present In the designated polypeptlde(s). Immunological 
15 Identity may be determined by antibody binding and/or 
competition in binding; these techniques are known to those 
of average skill in the art, and ere also illustrated 
Infra. 

A polypeptide Is "lmmunoreactive* when it is 

20 "immunologically reactive" with an antibody. I.e., when It 
binds to an antibody due to antibody recognition of a 
specif lo epitope contained within the polypeptide. 
Immunological reactivity may be determined by antibody 
binding, more particularly by the kinetics of antibody 

25 binding, and /or by competition In binding using es 
competltor(s) a known polypeptide^) containing an epitope 
against which the antibody is directed. The techniques for 
determining whether e polypeptide Is Immunologically 
reactive with an antibody are known In the art. An 

30 "Immunoreactive" polypeptlds may also be "immunogenic" . As 
used herein, the term "immunogenic polypeptide" la a 
polypeptide that elicits a cellular and/or humoral immune 
response, whether alone or linked to a carrier in the 
presence or absence of an adjuvant. 

35 As used herein, the term "antibody" refers to a 

polypeptide or group of polypeptides which are comprised of 
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at least one antibody combining site. An "antibody 
combining site" or "binding domain" Is formed from the 
folding of variable domains of an antibody molecule(a) to 
form three-dimensional binding spaces with an internal 
5 surface shape and charge distribution complementary to the 
features of an epitope of an antigen, which allows an 
immunological reaction with the antigen. An antibody 
combining site may be formed from a heavy and/or a light 
chain domain (HV and VL, respectively), which form 

10 hypervarlable loops which contribute to antigen binding. 
The term "antibody" Includes, for example, vertebrate 
antibodies, hybrid antibodies, chimeric antibodies, altered 
antibodies, univalent antibodies, the Fab proteins, and 
single domain antibodies. 

15 "Treatment" as used herein refers to prophylaxis 

and/or therapy. 

By "Immunogenic" is meant an agent used to stlnulate 
the Immune system of a living organism, so that one or more 
functions of the immune system are increased and directed 

20 towards the immunogenio agent. Immunogenic agents include 
vaccines. Immunogenic egents can be used in the production 
of antibodies, both isolated polyclonal antibodies and 
monoclonal antibodies, using techniques known In the art. 

By "vaccine composition" is meant an agent used to 

25 stimulate the Immune system of a living organism so that 
protection against future harm is provided. "Immunisation* 
refers to the process of inducing e continuing high level 
of antibody and/or cellular Immune response in which T- 
lymphocytes can either kill the pathogen and/or activate 

30 other cells <e.g., phagocytes) to do so in an organism, 
which Is di rooted against a pathogen or antigen to which 
the organism has been previously exposed. Although the 
phrase "Immune system" can encompass responses of 
unicellular organisms to the presence of foreign bodies, 

35 e.g.. Interferon production, in this application the phrase 
le restricted to the anatomical features and mechanisms by 



WO 94/24291 



FCT7US94/M1CS 



17 

which a multl -cellular organism produces antibodies against 
an antigenic materiel which Invades the cells of the 
organism or the extra-cellular fluid of the organic*. The 
antibody so produced may belong to any of the immunological 
5 classes, such as Immunoglobulins A, D, E, Q or M. Immune 
response to antigens Is well studied and widely reported. 
A survey of Inntunology Is given In Barrett, Janes T. , 
Textbook of Inamnolf^y: Fourth Edition, C.V. Moeby Co., St. 
Louis, HO (19B3). 

10 As used herein, the "sense strand" of a nucleic acid 

contains the sequence that has sequence homology to that of 
nRXA. The ■ ant 1 -sense strand* contains a sequence which is 
complementary to that of the "sense strand". 

As used herein, the tern "probe" refers to e 

15 polynucleotide which forms a hybrid structure with a 
sequence In a target region, due to complementarity of at 
least one sequence in the probe with a sequence in the 
target region. The polynucleotide regions of probes may be 
composed of DNA, and/or RHA, and/or synthetic nucleotide 

20 analogs. 

as used herein, the term "target region" refers to 
a region of the nucleic acid which is to be amplified 
and/or detected. The term "target sequence" refers to a 
frequence with which a probe or primer will fore a stable 

25 hybrid under desired conditions. 

The term "primer" as used herein refers to an 
oligomer which is capable of acting as a point of 
initiation of synthesis of a polynucleotide strand when 
placed under appropriate conditions. The primer will be 

30 completely or substantially complementary to a region of 
the polynucleotide strand to be copied. Thus, under 
conditions conducive to hybridization, the primer will 
anneal to the complementary region of the analyte strand. 
Upon addition of suitable reactants, (e.g., a polymerase, 

35 nucleotide triphosphates, and the like ) * the primer is 
extended by the polymerising agent to form a copy of the 
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analyte strand . The primer may be single- stranded, or 
alternatively moy be partially or fully double- stranded. 

The terms "analyte polynucleotide" and "analyte 
strand" refer to e single- or double-stranded nucleic ecid 
molecule which is suspected of containing a target 
sequence, and which may be present In a biological sample. 

As used herein, a "biological sample" refers to a 
sample of tissue or fluid Isolated from en individual. 
Including but not limited to, for example, plasma, serum, 
spinal fluid, lymph fluid, the external sections of the 
skin, respiratory, intestinal, and genitourinary tracts, 
tears, saliva, milk, blood cells, tumors, organs, and also 
samples of la XUfcro. cell culture constituents (including 
but not limited to conditioned medium resulting from the 
growth of cells in cell culture medium, putatlvely viral ly 
infected cells, recombinant cells, end cell components). 

as used herein, the term "oligomer" refers to 
primers and to probes. The term oligomer does not connote 
the size of the molecule. However, typically oligomers are 
no greater than 1OO0 nucleotides, more typically are no 
greater than S00 nucleotides, even more typically are no 
greater than 250 nucleotides; they may be no greater than 
100 nucleotides, and may be no greater than 75 nucleotides, 
and also may be no greater than 50 nucleotides in length. 

The term "coupled" as used herein refers to 
attachment by eovalent bonds or by strong non-oovalent 
interactions (e.g., hydrophobic interactions, hydrogen 
bonds, etc.). Covalent bonds may be, for example, ester, 
ether, phosphoester, amide, peptide, lmlde, carbon-sulfur 
bonds, carbon -phosphorus bonds, and the like. 

The term "support" refers to any solid or seal -solid 
surface to which o desired polypeptide or polynucleotide 
may be anchored. Suitable supports Include glass, plastic, 
metal, polymer gels, and the like, and may take the form of 
beads, wells, dipsticks, membranes, and the like. 
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The term "label" as used herein refers to any atom 
or moiety which can be used to provide a detectable 
(preferably quantifiable) signal, and which can be attached 
to a polynucleotide or polypeptide. 
5 In the invention, evlrulent microbes containing 

recombinant constructs ) of DNA encoding antlgen(s) 
comprised of one or more immunogenic epitopes of Plasmodium 
ere used for the expression of the recombinant antigen(s). 

Polypeptides comprising truncated Plasmodium amino 

10 acid sequences encoding at least one Plasmodium epitope can 
be identified In a number of ways. For example, the entire 
viral protein sequence can be screened by preparing a 
•erles of short peptides that together span the entire 
protein sequence. By starting with, for example, lOOmer 

15 polypeptides. It would be routine to test each polypeptide 
for the presence of epltope(s> showing a desired 
reactivity, end then testing progressively smaller and 
overlapping fragments from an Identified lOOmer to map the 
epitope of Interest. Screening such peptides in an 

20 Immunoassay is within the skill of the art. Zt is also 
known to carry out a computer analysis of a protein 
sequence to Identify potential epitopes, and then prepare 
oligopeptides comprising the Identified regions for 
screening. However, it is epprecleted by those of skill in 

25 the art that such computer analysis antigenicity does not 
always identify en epitope thet actually exists, end can 
also incorrectly Identify e region of the protein es 
containing an epitope. Methods of epitope mapping are 
known in the art. (See, for example, Geysen, H.M. et el., 

30 Molecular Immunology 22:709-715 (1986)j Geysen, H.M. et 
al., Proe. Hatl. Acad. Scl. USA 8JL: 3998-4002. ) 

The immunogenic! ty of the epitopes of Plasmodium , may 
also be enhanced by preparing them assembled with particle 
forming proteins. Polypeptides that are capable of forming 

35 perticles when expressed in e prokaryotlc system are known 
in the art. In preferred embodiments, a sufficient region 
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of the HBV core antigen is used to enable particle 
formation. Tor example, it Is known thet removal of the 
erginine rich carboxy- terminus from core does not affect 
particle formation. Core particles elicit both T-cell 
S dependent and T-cell independent antibody responses, as 
well as a strong cellular response. (Milllch D.R. end A. 
McLachlan, Science 234:1398 (1986); Milllch, D.R. at al., 
J. Immunol. 132:1223 (1987); and Milllch, D.R. et el.. 
Nature 322:547 (1987).) Therefore, when the immunogenic 
10 polypeptide expressed in Salmonella ia to be used in 
vaccine propagations. It would be desirable to include core 
epitopes that ere responsible for one or more of the T-csll 



Preferably, the immunodominant antibody recognition 
15 sites comprising the amino acid repeat sequences of the CS 
proteins of PlagmpflJlum are utilised in the expressed 
polypeptide. In perqhel, the CS repeat sequence has 
been determined to be (DP.HFM),, and in p^ falciparum the CS 
repeat sequence has been determined to be (HANP) 4 . These 
20 repeat sequences are capable of eliciting an immune, 
response when Incorporated into an Internal insertion site 
of the HBcAg protein. Oligonucleotides coding for these 
amino acid repeat sequences have been produced 
synthetically and are presented in Figure 1. As shown in 
25 Figure 1, the nucleotide sequence designated (NANP), 1 and 
coding for the amino acid sequence (NANP), la the sense 
oligonucleotide for the £. falciparum CS repeat sequence 
and the nucleotide sequence designated (NANP), 2 is the 
oligonucleotide complementary to (NANP), 1. Likewise, the 
30 nucleotide sequence designated (DP 4 HPH) t 1 and coding for 
the amino acid sequence (DP<HPN), is the sense 
oligonucleotide for the E*. feexghej, CS repeat sequence and 
the nucleotide sequence designated (DP.NPN), 2 is the 
oligonucleotide complementary to (DP 4 NPM) a l. 
33 Host preferably, the desired CS repeat sequence Is 

Inserted into en HBc core sequence to produce an KBc/CS 
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repeat hybrid or fusion protein. The CS repeat sequence Is 
preferably Inserted between an HBo fragment containing 
amino adds 1-7S end an BBo fragment containing amino acids 
81- IS 6. In addition, a fragment of the Hepatitis B pro- 
S 8(2) sequence (amino acids 133-143) Is preferably fused to 
the carboxy terminal end of the HBo/CS hybrid for use as e 
marker and to verify the expression of the hybrid protein. 
A diagram of the structure of the KBc/CS repeat hybrid 
expression product of pC75CS2 ( P. falciparum ) and pC75CSl 

10 ( P, berohei ) are presented in Figure 2. 

The portions of the DKA constructs encoding the 
desired Plas m od i um antigenic regions axe then llgated to 
control regions that govern their expression In Salmonella 
and/or £. eali.- Typically, the the vectors containing the 

15 CS repeats In the HBc core protein are Inserted Into a 
suitable £«. fioJLi. host to verify expression of the hybrid 
protein. Additionally , .the sequences of the vectors axe 
verified by dldeoxy DNA sequencing. The vectors can than 
be moved into a desired Salmonella strain by standard 

20 methodology. Generally, expression control sequences for 
proJtaryotes Include promoters, optionally containing 
operator portions, and rlbosome binding sites. Transfer 
vectors compatible with prokaryotlo hosts are commonly 
derived from, for example, pBR322, a plasald containing 

25 operons conferring amplcillln and tetracycline resistance, 
end the various pUC vectors, which also contain sequences 
conferring antibiotic resistance markers. These markers 
may be used to obtain successful trans f ormants by 
selection. Commonly used prokaryotie control sequences 

30 include the Beta -lactamase (penicillinase) and lactose 
promoter systems (Chang et al. (1977)), the tryptophan 
(trp) promoter system (Goeddel et al. (I960)) and the 
lambda-derived P k promoter and N gene rlbosome binding Bite 
(Shlmatake et el. (1981)) and the hybrid tao promoter (De 

35 Boer et al. (1983)) derived from sequences of the trp end 
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las UVS promoters. Corresponding control sequences axe 
known for various Salmonella 

Recombinant polynucleotides encoding the desired 
Plasmodium immunogenic epitopes ( also referred to as 
5 "antigenic determinants") are Inserted into the Salmonella 
host cells by transformation. Transformation may be by any 
known method for Introducing polynucleotides into host 
cells. Including, for example, packaging the polynucleotide 
in a virus and transducing the host cell with the virus, 

10 and by direct uptake of the polynucleotide. A particularly 
suitable method for direct uptake Is eleetroporatlon, and 
example of which is described infra. 

The recombinant polynucleotide encoding one or more 
immunogenic determinants of Plasmodium are preferably in 

15 the form of a vector, particularly one comprised of the ajd. . 
gene (as discussed below). Vector construction employs 
techniques which are known in the art. Site -specific OKA 
cleavage Is performed by treating with suitable restriction 
enzymes under conditions which generally are specified by 

20 the manufacturer of these commercially available enzymes. 
In general, about 1 microgram of plaamld or OKA sequence is 
cleaved by 1 unit of enryme in about 20 microliters buffer 
solution by Incubation of 1-2 hr at 37*C. After incubation 
with the restriction enryme, protein Is removed by 

25 phenol /chloroform extraction and the DKA recovered by 
precipitation with ethanol. The cleaved fragments may be 
separated using polyacrylamlde or agarose gel 
electrophoresis techniques, according to the general 
procedures found In Methods in Enzymology (1980) 65:499- 

30 560. 

Sticky ended cleavage fragments may be blunt ended 
using £. coll DNA polymerase I (Klenow) In the presence of 
the appropriate deoxynucleotlde triphosphates (dNTPa) 
pressnt in the mixture. Treatment with 61 nuclease may 
35 also be used, resulting in the hydrolysis of any single 
stranded DNA portions. 
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Ligations ore carried out using standard buffer end 
temperature conditions using T4 DKA lipase and ATP; sticky 
end ligations require less ATP and less llgase than blunt 
end ligations. When vector fragments are used as part of 
5 a ligation mixture, the vector fragment Is often treated 
with bacterial alkaline phosphatase (BAP) or calf 
Intestinal alkaline phosphatase to remove the 5 '-phosphate 
and thus prevent religation of the vector; alternatively, 
restriction enzyme digestion of unwanted fragments can be 

10 used to prevent ligation. 

Ligation mixtures are transformed into suitable 
cloning hosts, euch as £. GSli.* and successful 
trans foments selected by, for example, antibiotic 
resistance, and screened for the correct construction. 

15 The desired recombinant DMA sequences may be 

synthesized by synthetic methods. Synthetic 
oligonucleotides may be prepared using an automated 
oligonucleotide synthesizer as described by Warner, DKA 
2:401 (19B4). If desired the synthetic strands may be 

20 labeled with "P by treatment with polynucleotide kinase in 
the presence of "P-ATP. using standard conditions for the 
reaction. 

DHA sequences, including those Isolated from 
Plasmodium , may be modified by known techniques, including, 

25 for example, site directed mutagenesis as described by 
Z oiler. Nucleic Acids Res. 1Q:64B7 (1982). Briefly, the 
DKA to be modi f led Is packaged Into phage as a s Ingle 
stranded sequence, and converted to a double stranded DHA 
with DKA polymerase using, as a primer, a synthetic 

30 oligonucleotide complementary to the portion of the DMA to 
be modified, and having the desired modification included 
in Its own sequence. The resulting double stranded OKA is 
transformed Into a phage supporting host bacterium. 
Cultures of the transformed bacteria, which contain 

35 replications of each strand of the phage, are plated in 
agar to obtain plaques. Theoretically, 50% of the new 
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plaques contain phage having the mutated sequence, and the 
remaining 50% have the original sequence. Replicates of 
the plaques ere hybridized to labeled synthetic probe at 
temperatures and conditions which permit hybridization with 
5 the correct strand, but not with the unmodified sequence. 
The sequences which have been identified by hybridization 
are recovered and cloned. 

DMA libraries may be probed using the procedure of 
Grunstein and Hogness, Proc. Natl. Acad. sci. USA 23:3961 
10 (1975). Briefly, In this procedure, the DHA to be probed 
Is Immobilized on nitrocellulose filters, denatured, and 
prehybrldlzed with a buffer containing 0-50% formamlde. 
0.75 M NaCl, 75 mM Na citrate, 0.03% (wt/v) each of bovine 
serum albumin, polyvinyl pyrrolidone, and Ficoll, 50 mM Na 
15 Phosphate ( P H 6.5), 0.1% SDS, and 100 mlcrograms/ml carrier 
denatured DKA. The percentage of formamlde in the buffer, 
08 Wtt11 a8 and temperature conditions of the 

prehybridixetion and subsequent hybridization steps depends 
on the stringency required. Oligomeric probes which 
20 require lower stringency conditions are generally used with, 
low percentages of formamlde, lower temperatures, and 
longer hybridization times. Probes containing more than 30 
or 40 nucleotides such as those derived from cDKA or 
genomic sequences generally employ higher temperatures, 
25 e.g., about 40-42-c, and a high percentage, e.g., 50%, 
formamlde. Following prehybridization, 5*-"p-labeled 
oligonucleotide probe to detect a sequence encoding a 
Plasmodium epitope Is added to the buffer, and the filters 
are incubated In this mixture under hybridization 
30 conditions. After washing, the treated filters are 
subjected to autoradiography to show the location of the 
hybridized probe; DMA Is corresponding locations on the 
original agar plates Is used as the source of the desired 
DKA. . 

35 For routine vector constructions, ligation mixtures 

are transformed Into £. soil strain HB101 or other suitable 
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host, and successful trans formonts selected by antibiotic 
resistance or other Barkers. Plasmlds from the 

transformants ax* then prepared according to the Mthod of 
Cl*»ell at al. (1969), usually following chloramphenicol 
5 amplification (Clewell (1972)). The DMA Is Isolated and 
analyxed, usually by restriction enzyme analysis and/or 
sequencing. Sequencing nay be by the dldeoxy method of 
Sanger at al. Proc. Natl. Acad. Sci. USA 24:5463 (1977), as 
further described by Messing et el.. Nucleic Acids Res. 
10 fi:309 (1981), or by the method of Mmun et al. (1980). 
Problems with band compression, which are sometimes 
observed in CC rich regions, were overcome by use of T- 
deazoguanoslne according to Barr at al. (1986). 

An enzyme- linked Immunosorbent assay (ELISA) can be ' 
15 used to measure either antigen or antibody concentrations. 
This method depends upon conjugation of en enzyme to either 
en antigen or an antibody, and uses the bound enryme 
activity as a quantitative label. To measure antibody, the 
known antigen le fixed to a solid phase (e.g., a mlcroplate 
20 or plastic cup), incubated with test serum dilutions, 
washed. Incubated with an tl- immunoglobulin labeled with en 
enzyme, end washed again. Enzymes suitable for labeling 
are known In the art, and Include, for example, horseradish 
peroxidase. Enzyme activity bound to the solid phase is 
25 measured by adding the specific substrate, and determining 
product formation or substrate utilization 
colorlmetrlcally. The enzyme activity bound Is a direct 
function of the amount of antibody bound. 

To measure antigen, a known specific antibody Is 
30 fixed to the solid phase, the test material containing ?. 
antigen is added, after an incubation the solid phase is f 
washed, and a second enzyme -labeled antibody is added. 
After washing, substrate is added, and enzyme activity is 
estimated colorlmetrlcally, and related to antigen 
35 concentration, * 
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When the galwpneUfl cells that contain the DMA 
construct or vector comprised of the desired Plasmodium 
antigenic determinants) are to be used in preparation of 
a vaccine, they Ideally have a number of features. First, 
5 the cells should be completely avlrulent end highly 
Immunogenic. This requires a balance that is often 
difficult to achieve especially because of genetic 
diversity in the Immunized population and significant 
differences in diet and hygiene between individuals. 
10 Second, at least in relation to avlrulent Salmonella , it 
must retain its ability to colonize the intestine and CALT 
without causing dlseese or Impairment of normal host 
physiology and growth. Third, it should have two or more 
attenuating mutations, preferably deletion mutations to 
IS preclude loss of the traits by reversion or gene transfer. 
This latter feature increases the safety of the attenuated 
vaccine, and is a particular consideration in human 
vaccines. Fourth, the attenuating phenotype should be 
unaffected by anything supplied in the diet or by the host 
20 individual. if the immunising microorganism Is used as a 
carrier microbe, the system should provide stable (or 
preferably high level) expression of cloned genes In the 
immunized individual. 

Thus, in one form of this embodiment of the 
25 invention, the galrcgnglln strain contains at least two 
mutations. The second mutation Increases significantly the 
probability that the microorganism will not revert to wild- 
type virulence if a reversion occurs in the first mutant 
gene. These mutations may be in. for example, genes which, 
30 when mutated or deleted, cause a loss of virulence (e.g., 
plasmld cured strains), cause the strain to be auxotrophic, 
cause an alteration in the utilization or synthesis of 
carbohydrates, or are defective in global gene expression. 
Example, of the latter are the m cm Balmor^im mutants 
35 described In commonly owned U.S. Serial No. 785,748, filed 
November 7, 1991, (some of which ere also described in 
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Tacket, CO. nt ol . , Infection and immunity 536-541 
(1992)), and the phop mutants described In commonly owned 
U.S. Serial No. 07/331,979. Contemplated as within the 
scope of this embodiment are microorganisms, particularly 
5 Salmonella, which contain two or more mutations of the type 
described above , as long as the microorganisms maintain 
their avlrulence and Immunogenic! ty. 
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In another embodiment of 'the Invention, the vaccines 
are comprised of ffllcroorganltna with a imitation In phoP or 
It* equivalent gene, and the microorganisms are "carriers" 
which contain a recombinant gene(a) encoding a heterologous 
S polypeptide! s) so that the expression product(s) of the 
recombinant gene(s) Is delivered to the colonisation site 
In the Individual treated with the vaccine. The 
recombinant gene In the carrier microorganisms would encode 
an antigen of a fungal, bacterial, parasitic, or viral 
10 disease agent, or an allergen. Live vaccines are 
particularly useful where local Immunity Is Important and 
might be a first line of defense. The requirement that the 
carrier microbe be avirulent is met by the fifcflE mutation In 
the microbe . However , also contemplated as within the 
IS scope of this embodiment are microorganisms, particularly 
Salmonella , which have at least one additional mutation to 
lessen the probability of reversion of the microorganism to 
wild-type virulence. Examples of these types of mutations 
are described supra. 
20 Xn the case of carrier microorganisms, It may eleo 

be desirable to genetically engineer the PhoP* type 
microorganisms so that they are "balanced lethals" in which 
non-expression of a recombinant heterologous polypeptide^ ) 
is linked to death of the microorganism. 
25 "Balanced lethal" mutants of this type are 

characterised by a lack of a functioning native chromosomal 
gene encoding an enzyme which is essential for cell 
survival, preferably an enzyme which catalyses a step in 
the biosynthesis of an essential cell wall structural 
30 component, and even more preferably a gene encoding bets- 
aspartle semialdehyde dehydrogenase <asd). The mutants, 
however, contain a first recombinant gene encoding an 
enzyme which is a functional replacement for the native 
enzyme, wherein the first recombinant gene cannot replace 
35 the defective chromosomal gene. The first recombinant gene 
1b structurally linked to a second recombinant gene 
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encoding a desired product. Loss of the first recombinant 
gene causes the cells to die, by lysis in the cases of loss 
of flfid,, when the cells are in en environment where a 
product due to the expression of the first recombinant gene 
S Is absent. Methods of preparing these types of "balanced 
lethal" mutants are disclosed In U. S.S.N. 251,304, filed 
October 3, 1988, which Is commo n ly owned by the herein 
assignee, and which is incorporated herein by reference. 

Methods of protecting against virulent Infections 

10 with vaccines employing transposon- Induced avlrulent 
mutants of virulent agents In which the impairment leading 
to avlrulence cannot be repaired by diet or by anything 
supplied by an animal host have been developed. Por 
example, a method for creating an avlrulent microbe by the 

IS Introduction of deletion mutations In the adenylate cyclase 
gene (CY-fl) and the cyclic AMP receptor protein gen (CEE) of 
Salmonella fipji- is described In EPO Pub. No. 315,682 
(published 17 Hay 1989), and PCT Pub. No. WO 68/09669 
(published 15 December 1988). 

20 Introduction of the mutations into czft and cut of 

various Salmonella strains can be accomplished by use of 
transposons, to transfer the mutations from one Salmonella - 
strains Into another. Transposons can be added to a 
bacterial chromosome at many points. The characteristics 

25 of transposon Insertion and deletion have been reviewed In 
Kleckner et al. (1977), J. Mol. Biol. 11£:125. Por 
example, the transposon TnlQ. which confers resistance to 
tetracycline (and sensitivity to fusaric acid) can be used 
to create Acya and Acrp mutations In a variety of bacterial 

30 species. Including, for example, £. coli and S- 
tvnhimurlun. Methods for the creation and detection of 
these mutants In £. typhlmurium , are described in- EPO Pub. 
No. 315,682. Utilising TnlQ. these mutations can be 
transposed Into various Isolates of Salmonella , preferably 

35 those which are highly pathogenic. • 
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Once rendered avlrulent by the Introduction of the 
AgY-fl and/or ASXB mutations, the microbes can serve as an 
Immunogenic component of a vaccine to Induce Immunity 
against the microbe. 
5 In another embodiment of the invention, the 

Salmonella which are SXA mutants and/or crp mutants are 
further mutated, preferably by a deletion, In a gene 
adjacent to the erje gene which governs virulence of 
Salmonella,. Mutation In this gene, the od£ gene, 

lO diminishes the ability of the bacteria to effectively 
colon! xe deep tissues, e.g., the spleen. When a plasmld 
having the gene is placed in e strain with the atcrp- 

c£t), it retains Its avlrulence and immunogenic! try thus 
having a phenotype similar to SXA and crp mutants. Mutants 

15 with the A( mutotion containing a crp* gene on a 

plasmld retain the normal ability to colonize the 
intestinal tract end GALT, but have a diminished ability to 
colonise deeper tissues. The original Afcrn-cdtl mutation 
as Isolated In £3622 also deleted the araD and ovsG genes 

20 imposing requirements for arginlne and cysteine for growth; 
this mutant allele has been named A( crp-cyaff >-^0. a second 
mutant containing a shorter deletion was isolated that did 
not Impose an arginlne requirement; it is present in x3931 
end has been named <cxtt-CXflS)-lx. Mutations in cd£ in 

25 Salmongllfl can be either created directly, or can be 
introduced via transposition from another Salmonella 
strains such as those shown In the Examples, in addition, 
the cdt mutation can be created In other strains of 
Salmonella using techniques known in the art, and 

30 phenotyplc selection using the characteristics described 
herein; these mutants in fi. tvphlnurlum are described in 
EPO Pub. No. 315,682. Utllirlng Tnlfl, these mutations can 
be transposed Into various Isolates of Salmonella , 
preferably those which are highly pathogenic. 

35 Another type of mutation that may be used to create 

avlrulence 1b a mutation in phOP- The phoP gene and its 
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•wjulvolanto ere of a type which have -global regulation of 
pathogenicity". I.e., they eoordlnataly regulate a number 
ox genes including those that encode bacterial virulence 
factorg. It regulates the expression of virulence genes in 
5 a fashion which may be similar to that of toxR of Vibrio 
ChPlexaQ or yJx of BordatRlln pertuBala . The toxtt gene Is 
discussed in Killer and Kakalenos (1984), and Taylor et al. 
(1987); the vir gene is discussed in Gtlbltx et al. (1988). 
Consistent with this Is the suggestion by Fields et al. 

10 (1989) that the phoP product regulates the expression of 
genes that allow a pathogenic microorganism to survive 
within macrophages, and to be insensitive to defensins, 
which ere macrophage cationic proteins with bactericidal 
activity. Fields et al. (1989); Miller et al. (1989). In 

15 Bolf»onella, the phpP gene product also controls the 
expression of non-specific acid phosphatase from the phoN 
gene. 

Some characteristics of PhoP -tvpe mutant strains are 
exemplified by those of the imjnunogenlc BbfiF. mutants of £. 

20 tvahlmurlum. These avlrulent mutants are able to establish 
an infection of the Payer's patches of orally infected 
animals for a sufficient length of time to give rise to an 
Immune response, but are very Inefficient at reaching the 
spleens. The ohcP mutants exhibit similar capability as 

25 the pathogenic parental strains to attach to and invade 
tissue culture calls which are indicators for virulence of 
the strain. The identity of these indicator cells are 
known by those of skill In the art; for example, pathogenic 
strains of Salmonella . Including £. tvnhlmurlum . Invade a 

30 variety of cells in culture, such as Henle 407, Hela, Hep- 
2, CKO, and MDCK cells. In addition, the Salmonella mutant 
strains maintain parental motility, type 1 pill, and have 
a llpo polysaccharide (LPS) composition similar to that of 
the parent strains. Moreover, the phenotype of the mutant 

35 strains is stable. Methods of determining these latter 
characteristics are known to those of skill in the ext. It 
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la contemplated, however, that strains carrying the phoP 
mutation may have their phenotypes altered by further 
mutations in genes other than afcaE. Strains which include 
mutations in addition to the chop mutation are 
5 contemplated, and are within the scope of the invention. 

A further, and significant characteristic of phoP 
mutants results from the control of phoP over the 
structural gone for phosphatase, for example, non-specific 
acid phosphatase in fiftlaanaUfl. exemplified in 

10 fialaanaUfi, generally. choE-type mutants lack non-specific 
acid phosphatase activity. However, this lack of 
phosphatase activity can be overcome by a second mutation 
which most likely removes the expression of the structural 
gene for phosphatase from the control of the ahCE-type 
15 gene. Thus, mutants of chsL can be obtained which maintain 
their a virulence, but which are Pho* in phenotype, and 
produce phosphatase. Thus, inability to produce 

phosphatase, per se, is not responsible for the a virulence 
of Dhop mutants. 
20 Strains carrying mutations in PhoP or its equivalent 

gene, particularly desirable deletion mutations, can be 
generated by techniques utilising transposona. Transposons 
can be added to a bacterial chromosome at many points. The 
characteristics of transposon insertion and deletion have 
25 been reviewed in Kleckner (1977). For example, the 
transposon Tnlfi, which confers resistance to tetracycline 
(and sensitivity to fusaric acid) can be used to create 
BhflE mutants in a variety of bacterial species, including, 
for example, „£. cqH and a diversity of species of 
30 Bolmorm ll n , for example, fi. tvnhl m ,H V 1 a . trynhl. fi. 

enter mi , a. dufelin, fi. °»inn^, n fi . wlortM a . 

OElEfina., and fi. CftoUrflftlUlg- The Isolation of mutants of 
other organisms which contain a deletion mutation In an 
equivalent to a DhaZ gene may be achieved with transposon 
35 mutagenesis (e.g., using TnS., Tnlfi, Tn9J£, T n917. or other 
transposons known in the art) to causa the deletion In the 
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virulent strain, and screening for a Pho" phenotypa using a 
substrata for non-ipeclflad/acid phosphatases (e.g., 4- 
bromo-3-chloro-2-lndolyl phosphate, or alpha-napthyl 
phosphate). In the event that the microorganism contains 
S phosphatases which are not regulated by PhoP or Its 
equivalent gene, the starting strains for transposon 
nutagenesie oust contain nutations to inactivate these 
phosphatases. Methods to prepare PhoP mutant strains are 
described in co tmon ly owned application, U.S. Serial Ho. 

10 07/331,970. 

There are many methods for preparing phoP mutants. 
In one method, insertion of TnlO adjacent to the PhoP gene 
is selected In a ph o p mutant of £. typhltnurluw LT-2 by 
propagating the transducing phage P22 RT lnt on a TnlO 

IS library in the LT-2 a train X3000 (see USSN 251.304) and 
selecting on Neidhardt medium with 12 units tetracycline/al 
and 40 mlerograms/ml 5-8romo-4-Chloro-3 lndolyl phosphate 
(BCIP) ss the sole source of phosphate. Rare txensductants 
that grow will most likely have TnlO closely linked to the 

20 wild- type DhoP * gene. Selection of fusarlc acid resistant 
derivatives of a number of TnlO transductants and plating 
on media with BCIP should reveal delta- nhoP mutations in 
those cases in which the TnlO is close enough to ohoP such 
that deletion of the DNA between the TnJLQ insertions can be 

25 conveniently used to move the delta- phoP mutations to other 
strains by standard methods (Kleckner 1977, end U.S. Serial 
No. 251,304, which is owned by the herein assignee, and 
which is incorporated herein by reference). 

Still another means of generating phop mutations 

30 makes use of an auxotrophic mutation closely linked to the 
£. tvphlmurimn phoP gene. The PurB gene has such 
properties. A putB £. tvphimurlum LT-2 mutant is 
transduced to PurB* using a P22 HT int lysate propagated on 
the TnlO library referred to above and Tc* PhoP* PurB* 

35 transductants are selected and identified on Neidhardt 
medium devoid of adenine and containing tetracycline and 
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BCIP. The desired mutants will have TnlO Inserted into the 
PhoP gene (i.e., CHOP.: :Tnlfl). Selection for fusarlc add 
resistance will generate tetracycline-sensitlve delta- ohoP 
mutations . 

5 The delta -nhaE mutation Isolated in fl. trvphlmurlum 

LT-2 can be transduced to other S'^f^ strains by using 
a TnlQ. insertion linked to the delta- phoP : ;TnlO. In either 
case, transductants are selected for resistance to 
tetracycline. If the desired highly virulent Salmonella 

10 strain to be rendered avlrulent by introducing a fiUfiE 
mutation is sensitive to P22, one can propagate P22 HT ln£ 
on either the dalta-DHfi£ strain with the linked TnlQ or on 
the PhoP i :Tnl£ mutants and usa the lysate to transduce the 
virulent Salmonella to tetracycline resistance. The TnlQ 

15 adjacent to the delte-Bho£ mutation or inserted into phop 
can be removed by selecting for fusarlc acid resistance. 
In the cass of the PhoP t :TnU2 mutant a delta -phop mutation 
will be generated. Xf the desired highly virulent 
Salmonella strain to be rendered avlrulent by Introducing 

20 a phop mutation is resistant to P22, one can use another 
transducing phage such as P1L4, which will generally only 
efficiently infect Salmonella , strains that are rough. In 
this ease a oalB mutation con be introduced into the £. 
tvphimurlum LT-2 delta-pUsE or phoP : :TnIfl mutants either by 

25 transduction or by selection for resistance to 2- 
deoxygalactosa (USSN 251,304). Growth of oalE mutants in 
the absence of galactose renders them rough and sensitive 
to P1L4 permitting the propagation of a transducing lysate. 
OOlfi mutants of the virulent Salmonella recipient strain 

30 will also have to be selected using 2-deoxygalactose. 
Transduction of these oalfi recipients using P1L4 propagated 
on the oalB delta - PhoP with the linked TnlQ or the solfl 
phoPtiTnlfl strain can be achieved by plating for 
transductants on medium with tetracyclines and containing 

35 BCIP to Identify phoP~ transductants. Selection for fusarlc 
acid resistance will eliminate TnlQ end in the case of the 
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BhQE: :Tnlfl autont ssnsrate a dalta- choP mutation. The g a ,l p 
mutation can then be removed by P1L4 mediated transduction 
using P1L4 propagated on a flalE* £• typhi murium LT-2 strain 
that is rough due to a mutation In a gene other than goJL£. 
Such mutants are well known to those knowledgeable In the 
field (see Sanderson and Roth). 

It should be obvious that recombinant DMA techniques 
can also be used to generate phoP mutations In various 
pathogenlo bacteria. This can be accomplished using gone 
cloning and DNA hybridization technologies, restriction 
enzyme site mapping, generation of deletions by restriction 
enzyme cutting of cloned PhoP sequences, and by allele 
replacement recombination to Introduce the delta- phoP 
defect Into e selected bacterial pathogen. 

Methods of preparing organisms, particularly 
Salmonella , which can function as carrier bacteria are 
discussed in WO 89/03427 (published 20 April 1989), and In 
U.S. Serial No. 07/251,304, filed 3 October 1988, which Is 
commonly owned. Both of these references are Incorporated 
herein by reference. Generally, the Salmonella are treated 
to cause a nutation in a chromosomal gene which encodes an 
enzyme that is essential for cell survival, wherein this 
enzyme catalyzes a step In the biosynthesis of an essential 
cell wall structural component. An extrachromosomal 
genetic element, for example, a recombinant vector, is 
Introduced into the mutent cell. This genetic element 
contains a first recombinant gene which encodes an enzyme 
which is a functional replacement for the native enzyme, 
but the first recombinant gene cannot replace the defective 
chromosomal gene. The first recombinant gene is 
structurally linked to a second recombinant gene encoding 
e polypeptide comprised of one or more immunogenic epitopes 
of HBV, which is to be expressed in the carrier 
microorganism. Loss of the first recombinant gene causes 
the cells to lysa when the cells are in an environment 
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where a product due to the expression of the first 
recombinant gene is absent. 

A number of genes which encode enzymes essential for 
cell survival, which catalyse a step in the biosynthesis of 
5 an essential cell wall structural component, ere known In 
the art, for e.g., aspartate semlaldehyde dehydrogenase 
(Asd), which is encoded by the asd gene. Balanced lethal 
mutants of this type ere described in Golan at el.. Gene 
14:29-35 (1990). A method for Introducing a deletion 

10 mutation in the aafl gene of Salmonella utilizing transposon 
mutagenesis is described In U.S. Serial No. 785,748. Also 
described therein. Is the construction of a genetio element 
which carries the functional replacement for the aafl gene, 
linked to a gene encoding an antigen which is to be 

15 expressed In the avirulent Salmonella carrier. 

Administration of a live vaccine of the type 
disclosed above to an Individual may be by any known or 
standard technique. These Include oral ingestion, gastric 
intubation, or broncho- naaal- ocular spraying. All of these 

20 methods allow the live vaccine to easily reach the CALT or 
BALT cells and Induce antibody formation end are the 
preferred methods of administration. Other methods of 
administration, such as intravenous injection, that allow 
the carrier microbe to reach the individual's blood stream 

25 may be acceptable. Intravenous, Intramuscular or 

intramammary injection are also acceptable with other 
embodiments of the invention, as Is described later. 

Since preferred methods of administration are oral 
Ingestion, aerosol spray end gastric intubation, preferred 

30 carrier microbes are those that belong to species that 
attach to, invade and persist in any of the 
lymphoeplthellel structures of the intestines or of the 
bronchi of the animal being vaccinated. These strains are 
preferred to be avirulent derivatives of enteropathogenlc 

35 strains produced by genetio manipulation of 
enteropathogenlc strains. Strains that attach to. Invade 
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and persist In Payer's patches and thus directly stimulate 
production of XgA are cost preferred. in animals these 
Include specific strains of Salmonella , and Balmonolft a-B. 
coll hybrids that hone to the Payer ' s patches. 
S The dosages required will vary with the antigenicity 

of the gene product and need only be en amount sufficient 
to Induce an Immune response typical of existing vaccines. 
Routine experimentation will easily establish the required 
amount. Multiple dosages ere used as needed to provide the 

10 desired level of protection. 

The pharmaceutical carrier or exciplent in which the 
vaccine is suspended or dissolved may be any solvent or 
solid or encapsulated In a material that Is non- toxic to 
the inoculated animal and compatible with the carrier 

IS organism or antigenic gene product. Suitable 
pharmaceutical carriers are known in the art, and for 
example, include liquid carriers, such es normal saline and 
other non-toxic salts at or near physiological 
concentrations, and solid carriers, such as tale or sucrose 

20 end which can also be incorporated into feed for farm 
animals. Adjuvants may be added to enhance the 
antigenicity if desired. When used for edmlnlsterlng via 
the bronchial tubes, the vaccine is preferably presented In 
**»• form of an aerosol. Suitable pharmaceutical carriers 

25 end adjuvants end the preparation of dosage forms are 
described in, for example. Remington's Pharmaceutical 
Sciences, 17th Edition, (Cennaro, Ed., Mack Publishing Co., 
Baston, Pennsylvania, 19S5 ) . 

Immunisation with a pathogen-derived gene product 

30 can also be used in conjunction with prior Immunisation 
with the avirulent derivative of a pathogenic microorganism 
ectlng as a carrier to express the gene product specified 
by a recombinant gene from a pathogen. -Such parenteral 
Immunlratlon can serve es a booster to enhance expression 

35 of the secretory immune response once the secretory Immune 
system to that pathogen-derived gene product has been 
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primed by Immunisation with the carrier microbe expressing 
the pathogen-derived gene product to stimulate the lymphoid 
cells of the CALT or HALT. The enhanced response is known 
as a secondary, booster, or anamnestic response end results 
5 in prolonged Immune protection of the host. Booster 
immunisations may be repeated numerous times with 
beneficial results. 

The above disclosure generally describes the present 
invention. A more complete understanding can be obtained 
10 by reference to the following specific examples which are 
provided herein for purposes of illustration only and are 
not intended to be limiting unless otherwise specified. 



Exanmlo y 

15 This example describes the isolation of avirulent 

microbes by the introduction of deletion mutations 
affecting cAHP synthesis and utilisation and the 
identification of strain, with mutations conferring 
stability of phenotype, complete evlrulence and high 
20 lmmunogenleity. 

BQCter l nl mrnlnn . The Escherichia cflU and 
gQlmo"BU ft tYPht«vrll»3 -trains used ere listed in Table 
2. A. and B. They were maintained as frozen cultures 
suspended in 1* Bacto- peptone containing 5% glycerol and 
25 fest-froxen in dry ic— thanol for storage in duplicate at 
-70-C and also suspended in 1% Bacto- peptone containing 50% 
glycerol for storage at -20«c for routins use. 

Hfidia. Complex medle for routine cultivation were 
L broth (Lennox, Ylralm 1:1*0-206, <1965>> end Luria 
30 broth (Lurla and Burrous, J. fiadexifll- Z4.:461-«76 (1957>). 
Dlfoo agar was added to Wia broth at 1.2* for base agar 
and 0.65* for soft agar. Penassay agar was used for 
routine enumeration of bacteria. Fermentation was 

evaluated by supplementing MecConkey bese agar or Eosin 
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methylene blue agar {Curt lap, GanatleB £8.: 9-54 (1968)) with 
1% final concentration of an appropriate carbohydrate. 

Synthetic Media were minimal liquid (ML) and minimal 
agar (MA) supplemented with nutrients at optimal levels as 
5 previously described (Curtlss, J. Baeteriol . £2:28-40, 
(1965)). Buffered saline with gelatin (BSC) (Curtlss, 1965 
guorn > was used routinely as a diluent. 

TroftgflVStlgn- Bacteriophage P22HTioi was routinely 
used for transduction using standard methods (Davis at al., 

10 "A Man. for Genet. Eng. -Adv. Bacterial Genetics " . Cold 
Spring Harbor Laboratory, Cold Spring Harbor, NY, (1979)). 
An overnight culture of the donor strain was diluted 1:20 
into prewarmed Luria broth, grown for 60 mlnutas with 
shaking at 37 *C and then Infected with P22HT lnt at a 

15 multiplicity of 0.01. The infection mixture was shaken 
overnight for approximately 15 hours, chloroform added and 
allowed to shake an additional 10 mln at 37 *C, and the 
suspension centrlfuged (Sorvall RC5C, SS-34 rotor, 7,000 
rpm, 10 mln) to remove bacterial debris. The supernatant 

20 fluid containing the phage (ca. 10"/nl was stored at 4'C 
over chloroform. Tetracycline to a concentration of 12.5 
/tg/ml was used to select for transduction of TnlO 
insertions and TnlO -Induced mutations. 

Fuaarlc acid selection for loaa of TnlO . The media 

25 and methods described by Maloy and Nunn (J. Baeteriol . 
115:1110-1112, (1981)) were used. Strains with TnlO- 
Induced mutations were grown overnight in L broth 
containing 12.5 mg tetracycllne/ml at 37 *C to approximately 
5 x 10* CFU/ml. Cultures were then diluted 1:40 Into 

30 prewarmed L broth without tetracycline and aerated at 37 -C 
to a titer of about 2 s 10' CFU/ml. Suitable numbers of 
cells (l.a. 10 7 -10*) diluted in BSC were plated on fusarlc 
ecld-contalnlng medium and incubated 48 hours at 37 *C. 
Fusarlc acid-resistant isolates were purified on the same 

35 selective medium. Single Isolates were Dlcked, grown and 
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tasted for tetracycline sensitivity on Penaasay agar with 
and without 12.5 tetracycllne/ml. 

Hlce,. Female BALB/c mice ( 6 to 8 weeks old ) ( Sasco, 
Omaha, KB) were used for lnfectlvlty and/or immunization 
5 experiments. Animals were held for one week in a 
quarantined room prior to being used In experiments . 
Experimental mice were plaoed In Nalgene filter-covered 
cages with wire floors. Food and water were given o£ 
libitum. The animal room was maintained at 22-23 *C with a 
10 period of 12 h Illumination. 

Animal lnfectlvltv. The virulence of £. tvphimurlua 
strains was determined following peroral (p.o. ) or 
Intraperitoneal (i.p. ) inoculation. Bacteria for 

inoculation in mice were grown overnight as . standing 
15 cultures at 37 *c in L broth. These cultures were diluted 
1:50 Into prewarmed L broth and aerated at 37 # C for 
approximately 4 hours to an OO^ of about 0.8-1.0. The 
cells were concentrated 50- fold by centrif ugatlon in a 6SA 
rotor at 7,000 rpm for 10 mln at 4'C in a Sorvall RC5C 
20 centrifuge followed by suspension in BSC. Suitable 
dilutions were plated on Penaasay agar for titer 
dstermlnatlon and on HacConkey agar with 1% maltose to 
verify the Cya/Crp phenotype. For ell p.o. inoculations 
wlth £♦ tYPhjPUftVffl, mice were deprived of food and water 
25 for 4 hours prior to Infection. They were then given 30 ml 
of 10% (w/v) sodium bicarbonate using a Plpetman P200 10-15 
mln prior to p.o. feeding of 20 f*\ of fi. tvphlmurliia 
suspended In BSC using a Plpetman P20. Food and water were 
returned 30 mln after oral inoculation. Morbidity and 
30 mortality of mice were observed over a 30-day period. 
Intraperitoneal Inoculation of unfasted BALB/o mice was 
performed using a 2 6 -gauge 3/8* needle to deliver 100 pi of 
fi. tYPhtWirluja bacterial suspension diluted In BSC. 
Morbidity and mortality of mice were observed over a 30-day 
35 period. 
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EvoIuRtion of protactly p immunity . In Initial 
experliaente, any nice that survived Infection with any S. 
tYPhl«yrlW mutant strain for 30 daya were challenged on 
day 31 with lO'-lO* times the U>„ dose of wild-type nouse- 
S virulent £. tvphlmurlua parent strain by the p.o. route. 
Subsequently, groups of nice were peroral ly Immunized with 
various doses of a virulent mutants and then challenged 
with various doses of virulent wild -type parent cells at 
various times after the Initial Immunisation. Morbidity 
10 and mortality were observed throughout the experiment and 
for a least 30 days after challenge with the wild -typo 
parent. 

lap l fltlPn Of S. tVPhlmuriiim Btralna wit h Acva-12 and 
ffUtatlonfi- The wild- type, mouse -passaged virulent 

15 S* tYPhlmxlura 6L1344 strain X3339 ware genetically 
modified as described below, using classloal genetic 
methods similar to those described in Curt 1 so and Kelly 
(1987). The strategy consisted of transducing the original 
CXP-773: : Tnlfl mutation from PP1037 and the original 

20 CYA:: Tnlfl mutation from PP1002 into the highly virulent and 
invasive fi. tvphlmurtua 6L1344 strain X3339 and screening 
numerous Independent fusaric acid resistant, tetracycline 
sensitive deletion mutants for complete avirulence and 
highest immunogenic! ty In mice, as well as for greatest 

25 genotypio stability. 

Transduction of the Tnlfl insertions in the cxr and 
CZft genes was facilitated by first making a high-titer 
bacteriophage P22HTini lysate on the fi. typhlmurlum strain 
PP1037 containing the crp-773 : : Tnlfl mutation and another 

30 lysate on the S- tYPhAnurlw strain PP1002 containing the ^ 
cya.:: Tnlfl mutation. The resulting P22HTJ,n£ lysates were \' 
subsequently used to infect the recipient fi. tvohlnui-lunt 
X3339 at a multiplicity of 0.3 to transduce it to 
tetracycline resistance with screening for a maltose- 

35 negative phenotype. The phage-bacterla infjactlon mixtures 
were incubated for 20 mln at 37 *C before 100 ftl aamples 
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were spread onto MacConkey agar (Dlfoo Laboratories, 
Detroit, MI) containing 1* maltose (final concentration) 
supplemented with 12.5 MQ tetracycline/ml . After 
approximately 26 h Incubation at 37 *C, a tetracycline - 
5 resistant, maltose-negative colony resulting from the 
P22H Tint (PP1037) -» X3339 Infection and a tetracycllne- 
resistant, maltose-negative colony resulting from the 
P22HTini (PP1002) - X3339 Infection were picked Into 0.5 ml 
BSC and streaked onto the same selective media. The 
10 resulting x3339 derivatives were designated x3604 
(CZfi: : Tnlfl) *nd X3605 f crp-773 : : Tnlfl) (Table 2. A.). 



WO MOC91 



PCT7USMAMICS 



5 



1 s 




(9 

X 2 * * "O 

a5 S S a 

« e o „ 2 S 

zi p » e — « 



U O b V) 



£ C r» SC 



£ 

« 



I 



SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26j 



WO M/24291 



FCI7US94/M16* 



5 ~ 



J? « M U 

2. 2^ 



3 J5 

m -2 



5 -5 



« » *i ** *f~ E 1 *^ U .c "a. 



« «j h f 

t h n h a 

— ■ o "3 ^ "3 

C O ^ « 

s ^ v u r 

2 g. 2 £ 3 



r 



a o c o 

o -5 o -2 



1 3 
: ♦* 5 



Oa «4 b. a b. a 




5! 



SUBSTITUTE SHEET (RULE 26) 



FCT/U594M1C8 



~ s 



5 * ° -5 

S| g n > « 

S 3 ? i ? 

*> « R « a 

5 1 * 5 S 

* 2 3 Si ft 

•U I w 

c e „ a 

t! 2 -* > u 

» -< ^ «4 « 

« o ? S • 

£ 8* 8 g *° 

2 • -5 - * 

t> - , c u 

o z a s ° , 

T 1 O « 



f 5 5 I I '& 1 1 s 



a s 



. s 

a — < 



r"» «n -w 

x o x n 

t £ t £ 

— » -« « 



£t O CO O 



Si- 




SUBSTITUTE- SKECT (RULE 26) 



WOM/242M 



FCTAJS94/MUS 



u 




49 




ctlon fi 


*r a 

u 

CO c 

5 5 

Q 3 


o 


g '« 

* s 


« 

* 

« . — 

5 % 

— « ac 


Dlio fro 
llln res 


1 S 

o 

£ X 


4-) 

-4 0 
* g 


3623 V 
ance (i 


£ 1 


** 

-4 

* s 

to c 
en a 


a a 

© -4 

n a 


o * « 

C -w 

u r» a 


formed w 
Ion for 


«- *i 

• 5 

— « 
r* b 


712) • / 
cllne re 


One 
J= X ~« 
C7> • — 
ffl M O 

:| f 

+* £ b 
-4 *» 

S O. ** 


n 

C o 
« o 
h — 
** o 
u 

M JS ♦* 
IO ** ^ 


n C 
X —< 

3 U 
I § 

rt ** 
f+ • 
O. 4* 


x o 
— « 

V e% U 

a 2 £ 



a ^ * 



O > 
5" 



2 
i 

a 
& 



3 E 



5 m > 



— h -4 a* »■* 
I « to I- _ 
D» » C i- 



2 3 < 



a 3 I 



SUBSTITUTE SHEET (RULE 26) 



PCT/US94AM168 



C U 
-4 « 



* O 



C m 
— * «•* 

r; oo 



<c x ** x o ■ 

> 9 © - 

O O +J «J 

co C I C C > 

01 « & « *) — < 

r. *» 5 *j 

« * « Otto 

8 t "mo* 0 

n 0 _ 0 01 I 



0 0t C 

O *i « 

C X *J 

5 i 5 



f- 0 -o X 



X -» X — < 

3 U 3 s. 

ills 

O. 4J O. 4J 



X *J -« 

t 5 J5 

— « V 



x c x 



x *J 
t ~ 



f-i o X -H 

3 o > o 3 ° 

^ o" *3 Si -9 o* 



b 41 h 



•x e 



21 21 




SUBSTITUTE SHEET (RULE 26) 



W0MO4M1 PCT/USMAMItt 



' ° < 

c « ** 



*; * * 5 > s 



2 £ 



S « * > J " 



o a c -a o 

i- o o f- 

« u a V »o 

n I C r» 

£5 ^ ,2 -.5 3 • ~ -3 ■= ~ 
0. 3,3a.oa.«£»o«*fi'* , '< 




c u 
-* a 
a A 



SUBSTTTUTE SHEET (RULE 26) 



FCT/USM/Mltt 



- > e z. 



~« s -« 



« O r» o ~« 



r» U 

x c 

a <o 



"•5 



c . o 



2 3 = 



«o U ^< r~- 

£ a o 



3 ( O t O 

— -h • o a 
\o ^ h « « 14 



>, >, o o- 



U O U 10 

t» ** w 
a H « r» 



a n o 
n c ai 

£ SI 




■O «3 <J -0 



e h 



SUBSTITUTE SHEET (RULE 26) 



WOMOC91 



FCI7USM/M168 




SUBSTITUTE SHEET (RULE 26) 



FCT/USM/0416S 



o 


a o 




bitute 


lltlno 

Lent. 

iltino 


i u & 


Insl 


ea ** m 

- *- 




Aroy 


c c c 
w « e> 

SOS 
Q. <H O, 


ron Chilean 
ISP2822 wit 
isiatance ( 


v 

ee 


Develo 
ron Chi 
Develo 


i, Waltei 


Vaccine 
iolate fi 
Vaccine 


jolate fi 
feline r« 


Louis Baroi 
Research. 


Center (or 
KD; 1983 ii 
center for 


x o 

= 55 

- £ * 

-» ci I* 
O O 
K a. %*■ 



— « • 



1 • 



5 £ 3 



5 - 
5 .5 



- I 

s « 

H i 



3 I 

Ms. . 

<*4 « -* a 
a. jj > C 



I I £ fi 



& & e- 




3 ? 

i l 

a 3 



2fl 



« &. a ?. 

• > V> M n 

OH m m K 



SUBSTITUTE SHEET (RULE 26) 



FCI7US94AM168 



c .^c . CJ ^ O J. C C 

2 — 8 3 ~ a . - 2 + r* n r* 



- £ % 3 - 

O > Jl 7> > J3 X 

& % * a 'o* * * 

" 5 * " J « 8 

u U 1^ 10 

O » p O . CD *■ 

_ « o _ a a. -h 

r .55 . t * 

o + h o + a 

O ..H 



x o > " > 



5 s s s 

" I a " 

-3 u 



U 4) « 

« e c «* 

>, « « > 

H -U ~* 

. tfl (0 U 

t -H .H « 



> « O r> 



X ^ i- 



o © -o c <n 

>, «•» c ~* ac 



s ° 



•S 5 « £ 



If 

la 



9 

li 



SUBSTITUTE SHEET (RULE 26) 



FCT/USM/M1C8 




SUBSmUIE SHEET (RULE 26) 



WO 



FC17US»4/Mlt8 




SUBSTITUTE SHEET (RULE 26) 




SUBSTITUTE SHEET (RULE 26) 



WOM/24291 



FCT/US94/M1CS 




SUBSTITUTE SHEET (RILE 26) 



PCT/USM/MMS 



o « > 

•S S > . 3 

— « O ffl U 

s 2 < 

— >< o o > 



X © -I -I C > 

*- -u c t> o — 



t»l - i 

2 3 I I §■ 



? 5? = 




C ti 

is 3 

w c 



SUBSimnE SHEET (RULE 26) 



FCTTUSMAWICI 



61 

Strains x3604 and X3605 wore grown In L broth ♦ 12.5 
^0 tetracycllne/ml and 100 ^1 a amp las of each strain 
diluted 1:10 Into buffered saline with gelatin (BSC) were 
spread onto 10 plates of fuaarlc ecld-contalnlng (FA) media 
5 (Kaloy and Nunn, 1981). The plates ware Incubated 
approximately 36 hours at 37 Five fusaxlc aeid- 
raslstent colonies from each plate were picked Into 0.5 nl 
BSC and purified on FA media. Purified fuaarlc acid- 
resistant colonies were picked Into L broth and grown at 

10 37 *C to turbidity and checked for loss of Talfl 
(tetracycline sensitivity). One tetracycline -sensitive 
derivative was selected from each of the tan platings on FA 
nedle and characterized for complete LPS (by P22HT lnt 
sensitivity), auxotrophy or prototrophy, stability of the 

15 gene deletion, and reversion to tetracycline resistance. 
This procedure resulted In ten independently Isolated Acva 
mutants from x36°5 and ten Independently Isolated Aero 
mutants from x3603. 

Genetic stability of nvlmlgnt mutants. 

20 Strains to be orally administered as live vaccinas 

must have complete stability with regard to both their 
avirulence and their Immunogenic attributes. When SO- fold 
concentrated cultures and various dilutions (-10*, 10*, 10*, 
10* CFU/plate) of each of the ten Independent Acva mutants 

25 and each of the ten Independent Aero, mutants were plated on 
minimal agar media ( supplemented with 22 fig cystelne/ml and 
22 ftg arglnlne/mX) containing 0.5% maltose, mellblose, 
xylose, glycerol, or rhamnose that should not support their 
growth, revertants and mutants were not detected. One set 

30 of duplicate plates were UV-lrradlated <5 joules/meter 1 / sec) 
and Incubated at 37 "C with illumination. Revertants and 
mutants were not detected after a 48 hour growth period. 
An Investigation was also conducted as to whether 
tetracycllne-reslstent revertants /mutants could be 

3S recovered from the fusarle acid resistant Acva and Aero 
mutants at frequencies higher than could* be observed for 
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the tetracycline- sens itlve wild- type parental strain. in 
all cases, such tetracycllne-resistant revert ants/mutants 
were not observed. 

Vtrvlence and — immunogenic! tv of Aero and Acva 
S mutants. The resulting tan Acrp and ten Acva mutants ware 
•creened In BALS/c mice by peroral Inoculation to determine 
the lowest virulence and disease symptomology as revealed 
by the - eppearance of the coat (scruffy versus smooth), 
appetite, and activity (high or low). Five mice per group 
10 were p.o. Inoculated with -10* CPU of each of the 
independent cva or cxb deletion mutants. Animals were 
scored based on the above criteria and on day 30 of the 
experiment the survivors were challenged with 10* CTU of the 
wild-type virulent parent strain X3339. In three of the 
15 twenty groups Infected with the cva or ero. deletion 
mutants, five of five mice survived the Initial infection 
with the Acva-12, Acrp- 11 and Acre- 10 mutants and were also 
completely protected against 10* LO M s of the wild-type 
challenge. One group In particular, the Acrp- 10 mutant, 
20 was unequalled in avirulence, immunogenic! ty and stability. 
After repeating these experiments, mice never appeared 
affected by any dose given p.o. or i.p. of the Aj TTQ-lQ 
mutant (see Example 3). 

Properties of selected muta nt atratnu . X361S, X3622 
25 and X3623 with the Acya^i2, AcrjirlO. and Acre- 11 mutations, 
respectively, were j udged to be least virulent , highly 
immunogenic and extremely stable phenotypically and 
geno typically. Data on the phenotyplc properties of theme 
strains Is given in Table 3. Table 4 presents data on the 
30 avirulence and Immunogenic! ty of these strains In 
comparison to results with the virulent wild -type parent 
X3339 and strains X3604 and X360S with the cva: iTnlQ and 
crp-773i iTniO mutations, respectively. in addition to 
requiring hlstldlne, which Is due to the hlsG mutation In 
35 the parental X3339, the AcjCB^lQ mutation imposed on *3622 
requirements for the amino adds arglnlna and cysteine. 
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This example describes the construction of avirulont 
microbes by the Introduction of deletion mutations 
affecting cAMP synthesis end utilisation and the 
5 characterization of strains with two deletion nutations for 
stability of phenotype, complete avlrulence and high 
Immunogenlci ty . 

BQCtcrAal Strains- The Escherichia coll and 

Salmonolln tYBhJLffWrlVJB strains used are listed In Table 
10 2. A. and B. The maintenance and storage of these strains 
are as described in Example 1. 

ttfi41fl • Complex media for routine cultivation, 
enumeration and Identification of bacteria are as described 
In Example 1. 

15 Transduction and fumirin acid HHlnctlon f OT lona of 

TXliQ. The media and methods are as described In Example 1. 

ftn l fffl l infectlYltv and evaluation proteetlva 
lBSSUnl££> The virulence and immunogenlci ty of £. 
tYPhlnurtWB strains were determined as described In Example 

20 1. 

Construction Of S* tVPhl murium .train, with Arrvm-}^ 
and Acrp-ll deletion mur n n Qnfl The beat vaccine strains 
in terms of efficacy are likely to result from the 
attenuation of highly virulent strains that display 

25 significant colonizing ability and invasiveness. The 
criteria for selection of these highly pathogenic fi. 
tYPhiffUrlWl wild-type strains such as SL1344 (x3339), UK-1 
(X3761 ) and 798 Included low LD,, values in mouse virulence 
assays, antibiotic sensitivity, possession of the virulence 

30 plaaald, eaae of genetic manipulation (bacteriophage 
P22HTlnt or PI sensitivity, trans formabillty and ease of 
receiving mobilised plasmlds), and colicln sensitivity. 

The wild-type, virulent fi. tvphlnmritim strains 
SL1344 (X3339), 798 and UK-1 (X3761) were genetically 

35 modified as described below, using classical genetic 
methods similar to those described in Curtis* and Kelly 
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(1987). TI» strategy consist* of moblllxlng deletions of 
SXB and CVQ genes that have been Isolated and characterised 
In fi. ryphlmurium SL1344 (as described In Example 1) by 
placing . the trans poson TnlQ (encoding tetracycline 
S resistance) nearby the Acva-12 or A cre- 11 mutation and 
transducing the linked traits Into the highly virulent &. 
tvphmurlua strains UK-1 X3761, 798 and SL1344 %3339 via 
p22HTln£-mediated transduction with selection for 
tetracycline resistance and screening for a maltose- 
10 negative phenotype. The rhc-1431 - ;TnlO linked to Acro-11 
and gld-62 : :TnlO linked to Acva-12 were used for this 
purpose. Neither Insertion alone affects the virulence of 

&. tYphlwuriun* 

Transduction of the gene deletions with the linked 

15 transposon was facilitated by first making a high- titer 
bacteriophage P22HTJji£ lyeate on the fi. typhi murium strain 
X3773 containing the and rhc-1431 : iTnlO mutations 

and another lysate on the fi. ■tvchitauri .un strain x371l 
containing the Acva-12 and xid-62 : :Tn^Q mutations. The 

20 resulting P22HT jnt lysates were then used to transduce the 
genetlo trains Into the wild-type recipient strains x3339, 
798 and X3761. 

P22HTlnS propagated on £. tvohlmurlum x3773 ( Acro-ll 
zhc-1431 : :TnlQ ) was used to transduce the virulent strains 

25 to tetracycline resistance with screening for Mai*. The 
phage -bacteria infection mixtures were incubated far 20 min 
at 37 *C before 100 ^1 samples were spread onto HacConkey 
agar (Dlfco Laboratories. Detroit, MI) containing 1* 
maltose (final co ncentration ) supplemented with 12.5 HQ 

30 tetracycllne/ml. After approximately 26 h Incubation at 
37 *C, tetracycline resistant Mai" transductanta were picked 
and purified onto the same medium. The resulting 798 
derivative was designated x3825 and the UK-1 derivative was 
designated x3828. Strains x3773, X3S25 and X3828 have the 

35 genotype Acrp-11 rhc-1431: iTnlO (Table # 2.B. > . These 
strains were grown in I* broth ♦ 12.5 HQ tetracycllna/ml and 
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each were diluted 1:10 Into buffered saline with gelatin 
(BSC), 100 ft\ of each were spread onto fusarlo acid- 
eontainlng (FA) media (Malay and Nunn, 1981) end the plates 
were incubated approximately 36 h at 37 *C. Pusaric acld- 
5 resistant colonies of each strain were picked Into 0.5 ml 
BSO end purified onto FA media. Purified fusarlc acid-, 
resistant colonies were picked into L broth and grown at 
37 "C to turbidity and checked for loss of TnlQ 
(tetracycline sensitivity), presence of complete LPS and 

10 euxotrophy. The new strains were designated X3876 (798) 
and x3954 (UK-l ) which both have the genotype Acrp-11 
A f the- 1431 1 : TnlQ] and *3623 (&L1344 Acrp-11 was originally 
isolated as described In Example 1) (Table 2.B.). 

Since the phenotype of Cya' and Crp" mutants are the 

15 same (Mai*, Stl\ Mtl*. etc.), the plasmld, pSDUO, carrying 
the cloned CXB" gene and conferring ompicillln resistance 
(Schroeder and Dobrogosz, £. Bacterid i£Zi : 616-622 
(1986)), was used to temporarily complement the Aero, 
mutation In the chro m o som e enabling the Identification of 

20 the A cva mutation when Introduced via transduction. I> 
broth grown cultures of x 3 ^23, %3B76 and X3954 were 
transduced with P22HTln_£ propagated on &. tvphlraurlum 
X3670, which contains the plasmld pSDUO (Table 2.B.). 
Selection was made on MacConkey agar * 1% maltose ♦ 100 HQ 

25 amplcillln/ml. After 26 h, an amp icl 11 in- res 1st ant, Mai* 
colony of each strain was picked and purified on MacConkey 
agar ♦ 1% maltose agar ♦ 100 HQ amp icl 11 In/ml and 
designated X3938 (798) and x3961 (UK-1 ) which both have the 
genotype AcrjmH Af xhc-1431 1 :Tnl01 pSDUO* end X3774 

30 (SU.344) which has the genotype Acre- 11 pSDUO*. 

Strains x3774, X3938 and X3961 were grown In L broth 
♦ 100 HQ amplclllin/ml and were each independently 
transduced with P22HT ln^ propagated on x3711 to Introduce 
the linked Acva-12 and zld-62 : :Tnl0 nutations. The 

35 transduction mixtures were plated on MacConkey egar ♦ 1% 
maltose ♦ 100 HQ amplclllin/ml * 12.5 HQ tetracycllne/ml. 
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ABpiolUln-rwlotont (pSDUO*), tetracycline- real stent (xldr. 
62: :TnlQl. Hal" < Acva ) colonies were picked and purified on 
MacConkey agar * 1% maltose + 100 fiQ ompieillin/ml ♦ 12.5 
fig tetracycline/ml. Purified colonlea were picked into L 
5 broth, grown to turbidity and the e trains checked for 
complete LPS and euxotrophy. The resulting strains were 
designated %397B (*79S) and X3962 (UK-1) which both have the 
genotype Actp-11 Ar xhc-1431 t :TnlQl pSDUO' Acva-12 s jd- 
&2: :Tnifl and x3936 (SL1344) which has the genotype A crp-11 

10 pSDUO* Acva-12 rid-62 : :TnlO. Cultures of X3936, X3978 and 
X3962 were grown in L broth ♦ 100 fig amplclllln/ml ♦ 12.5 
ftg tetracycline /ml to turbidity, diluted 1:10 into BSO, and 
100 jWl samples of each culture spread onto fusarlc acid- 
containing nedle and Incubated approximately 36 h at 37*C. 

15 Fusarlc acid- resistant colonies of each strain were picked 
and purified onto FA medium. Purified FA-reslstant 
colonies were picked into' L broth, grown to turbidity and 
then checked for loss of Tnlfi (tetracycline sensitivity), 
complete LPS and a uxo trophy. The pSDUO plasmid was 

20 usually lost spontaneously from the strains during this 
process to result In ampiclllin sensitivity, except for the 
SL1344 derivative which Involved two steps to eliminate 
pSDUO. The final strains were designated x 4 039 (798) and 
X3985 (UX-1 ) which both have the genotype Aero- 11 AT x;h c- 

25 1431 1 :Tnl01 Acva-12 Ar zid-62 : :Tnl01 and X3939 (SL1344) 
which has the genotype Arm? - Hi ^Tfg-\2 Af ild-62 : :Tnl01 
(Table 2.B.). 

Genotvpic and phenotvolc stability of avlrulent 
wutants . Methods for determining stability of genetic 

30 traits ere as described in Example 1. All genotyplc and 
phenotyplc traits due to the Acva Aero mutations were 
completely stable except motility. Although synthesis of 
functional flagella and display of motility is dependent on 
wild- type cva and cn> gene functions, a suppressor mutation 

35 in the cfs (constitutive flagellar synthesis) gene can 
easily be selected to cause flagella synthesis and motility 
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to be independent of cva and cro gene functions. In fi. 
tvt)hl«U T-< Acva Acrp strains, motile variants were readily 
selected during the strain construction prooesa. Since 
immunity to flagellar antigens may be protective, motile 
5 variants of all vaccine strains were selected. 

fi. tvphlmu rlipH group B O- antigen synthesis was 
confirmed by slide agglutination with antlsara (Dlfco 
Lab orato ries , Detroit, MX) and by P22HT J.nt bacteriophage 
sensitivity by the Luria soft agar overlay technique. 

10 Fermentation of sugars and growth on various carbon 

sources of the double mutant strains were identical to 
strains with only Acva or Acre as listed In Table 3. The 
pheno types were as expected based on published reports of 
the requirement for cyclic AMP and the cyclic amp receptor 

15 protein for catabollc activities. 

At each step In the construction following selection 
of a fusarlc acid-resistant tetracycline -sensitive 
derivative, an Investigation as to whether tetracycline- 
resistant re vert ants /mutants could be recovered at 

20 frequencies higher than could be observed for the parental 
tetrecycllne-sensltlve wild- type strain was conducted. In 
all cases, such tetracycline-resistant revertants/mut&nts 
were not observed. 

Virulence Qf FUtont strains jggr mice. Preliminary 

25 Information on virulence of £. t-ypftlmurlun mutant strains 
was obtained by infecting Individual mice with 10* mutant 
cells perorally and recording morbidity and mortality. 
Table 5 presents data on morbidity and mortality of mice 
Infected perorally with the fi. tvphlmurlum wild- type parent 

30 strains, and the Acva- I 2 Actp-11 derivatives X39B5 end 
X4039. 
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gffgggtAYW19gg fif lnaiunlKatlon with avlrulent 

BU£aa£fi> Tsbltt 6 presents data on the ability of the £. 
typhlflrurlum AcYA AgTP mutants x3985 and x*039 to Induce 
lemunity to subsequent peroral challenge with 10* tines the 
5 LD M doses of fully virulent wild-type £. t vphlpmrlugi cells . 
Under these high-dose challenges, many of the nice 
displayed moderate Illness with dacreased food coneusptlon 
except nice Ismtunlsed with x*039 which remained healthy and 
ate and grew normally. 
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Example 3 

Tills Example demonstrates the Isolation of an 
•virulent microbe that possesses a deletion nutation 
encompassing the cro gene end an adjacent nana which also 
S governs virulence of Salmonella. 

Bacterial strains . The Escherichia csXk «nd 
Balj»onellB tvnhlaurlum a trains used axe listed In Table 2A 
and B. The maintenance and storage of these strains are 
described In Example 1. 
10 ttfidlo- Complex »edla for routine cultivation, 

enumeration and Identification of bacteria are as described 
in Example 1. 

Transduction end funnrle acid bp. lac t Ion for loss of 
TnlO . The media and methods are as described in Example 1. 
15 Animal infectlvitv and evaluation of protective 

lnwruni tv. The virulence and Immunogenic! ty of fi. 
tvphlwurlum o trains were determined as described in Example 
1. 

IftolHtton of S. tvphimurlua strain with the Aero- 10 

20 mutation . As described In Example 1, one of ten Acrjg 
mutations Isolated In y&GOS conferred auxotrophy for 
arginlne (due to deletion of aroP ) end cysteine (due to 
deletion of cvbG ) . The mutation In the fi. tvphlmuriura 
6L1344 strain X3622 was originally referred to as Actp-10 

25 but Is now designated ai ctp - cvbG I - 10 because of the 
auxotrophy for cysteine. A group of five BALB/c mice 
orally Infected with 10* X3622 cells remained healthy and 
was totally unaffected (Table 4). Furthermore, these mice 
gained high-level immunity to oral challenge with 10* 

30 parental X3339 cells (Table 4). 

A aeries of strains was constructed to Independently 
evaluate each of the phenotyplc characteristics of X3622 . 
The plesmld, pSDUO, carrying the cloned erji* gene and 
conferring empiclllln resistance (Gchroeder end Dobrogosx, 

35 J. P ff ptnrlol . 1£2: 616-622 (1986)), was used to complement 
the Aero, nutation in the chromosome. An L broth culture of 
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X3622 was transduced with P22HTJLo£ propagated on fi. 
tvnhiMuriun x3670. which contains the plasmid pSDllO. 
Selection was made on KacConkey agar ♦ 1% maltose + 100 eg 
amplclllln/ml. After 26 h, en emplclll ln-resistant, Knl* 
5 colony was picked and purified on KacConkey agar ♦ 1% 
maltose agar ♦ 100 MQ emplelllin/ml and designated X 3706. 
X3706 wea administered peroral ly to alee end relsolated 
free the splmen. The enimsl -passaged strain was designated 
X3737. Two other era mutants, *3605 ( en?- 773 : :TnlO.) and 

10 X3fi23 (&ffra_-JJL) *hat do not confer the Arg* or Cys" 
auxotrophlc trelts were also complemented with the pSDllO 
plaemld by transduction and designated X3731 end X3774, 
respectively. £• »v»hlmurlum strain. Independently 

carrying eysQ end era mutations ware constructed and 

15 designated %3910 (cvsQ.: -Tnlfl) . X4063 and x4071 <axg: :Tnlfl) . 

Two other highly pathogenic fi. VyphjtmurlWffl strains 
were selected for attenuation by Introduction of the &STB=. 
IP. nutation. X3761 (UK-1) and 798 are virulent. Invasive 
strains Isolated from a moribund horse and pig, 

20 respectively, with LD H s In mice of approximately 1 x 10' 
CTU. Transduction of Aero- 10 with the linked tranaposon 
ghc-1431 : :TnlO was facilitated by first making a high- ti tar 
bacteriophage P22HTin£ lysete on the £. tvohlaurlua strain 
X3712 <see Table 2.B. ). The phage lysete was then used to 

25 transduce the genetic traits into the wild- type recipient 
strains X3761 end 798- Tetracycllne-resistant colonies 
were selected end screened for the Hal*, Arg' and Cys" 
pheno types and the resulting 798 derivative designated 
X4246 end the X3761 (UK-1) derivative designated x4248 

30 (Table 2). 

The pro mutetion was complemented by introducing £ 
pSDllO, carrying the cro * wild- type allele, into X4246 end f 
X4248. L broth grown cultures of %42A6 and x^248 were 
transduced with P22HT lnt propagated on fi. t-ynhl murium 
35 %3b70, which contains the plasmld pSDllO (Table 2). 
Selection was made on KacConkey agar ♦ 1% maltose* 100 fig 
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eaplcillin/ml ♦ 12.5 M tetracycllne/ml . After 26 h, en 
ampicillln, Mai* colony of eech strain was picked and 
purified on the seme medium end designated X4247 (798) end 
X 4262 (UK-1) which both have the genotype pSDllOVA grp-lQ 
5 «he-1431 :;TnlO. 

virulence S- tWiinflum v*622. V3731 . V3737. 

^TTA -y39in -*4071. Table 7 presents data on 

morbidity and mortality of mice infected peroral ly with the 
fi. t^hl^rlu, strains X 3«2> X3731, X 3737, X 3774, X 3°10. 
10 x<063 and x«071 . Strain x3737 was completely evlrulent for 
pj.ee that received 10* times the LD U dose for the wild- type 
X3339 perent strain. Mice never appeared ill throughout 
the 30-dey observation period. As a control for this 
experiment, the en>-773 : :Tnlfl mutation in x3605 was 
15 complemented by pSDllO to the wild- type Crp* phenotype 
( X 3731 ) end mloe were Infected and died. Doses around 1 x 
10 f CFU killed 4 of 5 mice p.o. Inoculated with X3731 and 
X3774 (pSDllOV**** 5111 * To toat the virulence of strains with 
the Cys' and Arg* phenotypes independently, strains X3910 
20 c cvbG i i TnlQ ) . X 4063 (exo.: :TnlQ) and X4071 (axjj::TniQ) were 
p.o. edminlstered to BAJ-B/c mice. X3910, x<063 end x*0671 
killed mice when similar or lower doses were p.o. 
administered. Therefore, the avirulence essoclated with 
the Af cro - cvsC I-lQ mutation was not solely due to deletion 
25 of the cro gene and was not conferred by deletion of either 
the aroD or ev«Q loci. Rather, another gene necessary for 
fi. tvphlsuriUB virulence must be localized to the region of 
chromosome near the crp gene. 
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EffectlvenoBB off MmwUratlgn with y3622. T3737. 

*4247 and W262 . Data on the ability of *3622, x373*. 
£4247 and %4262 to induce lranunlty to subsequent p.o. or 
1 . p. challenge with 10* tines the LD H doaes of fully 
5 virulent wild-type £. tvahl murium calls are presented In 
Table 7. Ul mice given excessive doses of the wild-type 
parent strain never appeared ill throughout the 30-day 
duration of the experiment. Therefore the Af crp -cvgCI -1Q 
mutation deletes et least two genes both of which render fi. 
lO rvphlnurlun completely avlrulent and highly immunogenic. 



FCT/US94/M168 



O C 



it 

2 > 
TO-* 



V 



o c o 



IIS 



c u 



in tn e» <■» n tn 

~~~ — — 

in in « rt o in 



x x x x x x x 



2 2 2 



ft 2 2 



o o o o o o o 

*4 -< <H _i «-C 

X X X X X X X 

« «n « o o o «o 

w «-« -w tn <n <n in 



O ) O I 



suBsnTuiEsmr(sui£26) 



WO M04Z91 



PCI7USX/WIW 



*} A* 

3 > 



u i a 



V 



• CO 



o-« C 

sis 



C 0 

a 

> c 



So 



- as k 



SI 



SUBSTITUTE SHEET (RULE 26) 



WOM/24291 



FCTAI5M/M16S 



62 



Isolation at s. typhjLwurtwn strain Kith the Aero- 1 4 
BlUtflSicn. Since on imprecise excision event of crp- 
773 : :TnlO generated the deletion of Danes extending from 
argD through cvaG , another strategy was designed to locate 
5 the position of the gene conferring svlrulence in the 
region adjacent to pro . Twenty independent deletion 
mutants of X^^IO {gXMSl- :TnlQ) were selected on fusarlo 
acid-containing medium and screened for tetracycline- 
sensitivity end maltose-negative phenotype. One of twenty 

10 fusarlc acid-resistant derivative of x3910 had the genotype 
ar cr-p - cvcG l -ii and conferred a uxo trophy for hlstldine and 
cysteine, but not arglnlne. This strain, designated X3931, 
was transduced with a P22H Tlnt lysate grown on x3670 to 
Introduce pSDUO carrying the wild- type cm * gene. An 

15 anpiclllln-reslstant, maltose-positive transduetant was 
picked and purified on the came medium and the resulting 
strain was designated x395S. 

Virulence of S. tvphltmirina pSD110VArcrp-cvsC1-l« 
Table 0 ehowe morbidity end Mortality of mloe 

20 Infected perorally with £. tvphlmurltim x3955. Strain X3955 
was completely a virulent for sice that received 
approximately 10* CFU. Mice never appeared ill throughout 
the 30-day period. 

Effectiveness of Immunizat ion with *39S5 . Table 8 

25 shows the ability of x39SS to induce immunity to subsequent 
P.O. challenge with 10* tines the LD„ dose of fully virulent 
wild-type fi. trvwhinpirluni cells. Mice given excessive doses 
of the parent strain never appeared ill throughout the 30- 
day duration of the experiment. 

30 Colonisation nf <ntK«tln>il tract, CXLT and snleen bv 

•y3622 farero-evaCI-lOl find v3737 foSDllO* A[ crp-cysG] -10 ) 
relative to the wild-type strain x3339. S> tvphlmurlua 
X3G22 and x3?37 were grown and prepared for oral 
Inoculation of 8 -week-old female BALfi/c mice as described 

35 in Example 1. Anlaals were sacrificed 1, 3, 5 and 7 days 
after p. a. Inoculation with 9/4 x 10* CPU (*3622), 1.2 x 10* 
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CFU (X3737) or 1.1 x 10* CFO (X3339). Three mice per group 
were randomly selected, euthanized and tissue samples 
collected. The spleen. Payer • s patches, a 10- cm section of 
the Ileum end the small Intestinal contents from each mouse 
5 were pieced In polypropylene tubes with BSC, homogenized 
with e Brlnkmenn tissue homogenlser and placed on Ice. 
Undiluted or diluted samples (100 xi) were plated directly 
on MacConkey agar + 1% lactose + 50 mq streptomycln/ml 
(X3339 and X3737) and MacConkey agar ♦ 1% maltose ♦ 50 fig 

10 streptomycln/ml (X3622) and the plates were Incubated for 
26 h 37 *C. Titers In the perspective tissues were 
determined for each time period and the geometric mean 
calculated for 3 mice per group at each time of sampling. 

The results of this analysis are presented In 

15 Figures 3 and 4. it Is evident that the additional 
attenuating mutation In x3622 and which Is still manifested 
In the Crp' (pSOllO*) derivative X3737 very much diminishes 
the ability to effectively colonize deep tissues. The 
responsible gene which Is deleted by the Ar crp - cvaC I-lO 

20 mutation has therefore been designated cdt . The Cdf 
phenotype of x3622 and X3737 is also manifested by the 
absence of any splenomegaly which Is observed following 
p.o. Inoculation of mice with fi. rvenlmurltia X 3623 which 
has the Afirft-ll mutation or with various other strains with 

25 combined Acrp. and Acyq mutations (Curtlss and Kelly, 19S7). 
Strain x3737 grew more rapidly than x3622. The additional 
attenuating mutation in X3622 does not decrease growth rate 
as does the crp mutation. 

Based on isolation and analysis of deletion 

30 mutations for phenotypes conferred, the order of genes In 

the fi. tvphimurlum chromosome Is Inferred to be araP erji * 
cdt cyaG. ( 

It is evident that inclusion of the Af cro -c v sgl-lO 
or A[cSE-EZ2S) -IA mutations which are also Acdt mutations 

35 would enhance the safety of live attenuated Salmone^J.a 
vaccine strains while not diminishing their* Immunogenic! ty. 
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This might be particularly Important for host-adapted 
Invasive Salmonella species such as fi. typhi , fi. paratyphi . 
A ts. sehottmuelleri), fi. paratyphi 8 (S. hlrshf eldll ) , fi. 
ParatYPM C (all infect humans), fi. cholera ami Is (Infects 
swine), fi dttfrlln (lnfecte cattle), £ aalllnarum . and fi. 
0VtU,ortfn (both infect poultry); as well as non-host 
specific, invasive salmonella species such as fi. 
tYPhlpurlum and fi. enterltldla. 

This example describes the construction of evlrulent 
microbes by the Introduction of deletion mutations 
affecting cAMP synthesis and utilization and an adjacent 
gene which also governs virulence of Salmonella , by 
affecting colonization of deep tissues and the 
characterization of strains with two deletion mutations for 
stability of phenotype, complete avirulence and high 
Immunogenic! ty . 

B0Cter*P l — sixains.. The Escherichia coll and 
Sa3.»gnqJ,lq £ypJUmurJjlffi a trains used ere listed In Table 
2. A. and B. The maintenance and storage of these strains 
are as described in Example 1. 

Media* Complex media for routine cultivation, 
enumeration and Identification of bacteria are as described 
In Example 1. 

Transduction and fusarlc af^il selection for loan of 
Tnlfi. The medio and methods are as described In Example 1. 

Construction Of S. tvphimurlum rtralBi wit* 
Mid ArcTP-evsgl-lO deletion mii*»*ic.nn - The best vaccine 
strains in terms of efficacy are likely to result from the 
attenuation of highly virulent strains that display 
significant , colonizing ability and Invasiveness. The 
criteria for selection of these highly pathogenic fi. 
tvphimurlum wild-type strains such as SL1344 (X3339), UK-1 
(X3761) and 798 has been described in Example 2. 

The wild-type , virulent fi. tvphimurlum strains 
SL1344, 798 and UK-1 were genetically modified as described 
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below, using classical genetic methoda similar to thoso 
described In Curtlss and Kelly (1987). The strategy 
consists of Mobilising deletions of crp and cva genes that 
have been Isolated and charactarlxed in fi. t YPfr*Tn w,rlHB 
5 SL1344 ( as described in Example 1 ) by placing the 
transposon Tnlfl (encoding tetracycline resistance) nearby 
the ACYO-aa or ACcrji-£-VBGJ-lfl imitation and transducing the 
linked traits Into the highly virulent fi. tvphlnmrlum 
strains UK-1 X3761, 798 end SL1344 x3339 vie P22HTint- 

10 mediated transduction with selection for tetracycline 
resistance and screening for a maltose -negative phono type. 
The zhc-1431: :TnlO linked to A' crn - cvad -lO and «id- 
••Tnlfl linked to Acva-12 were used for this purpose. 
Neither Insertion alone affects the virulence of fi. 

15 tvphlmurlum. 

Transduction of the gene deletions with the linked 
transposon was facilitated by first making a high- titer 
bacteriophage P22HTlnt lysete on the fi- typhlreurlua strain 
X3712 containing the A[cxB-£-£fifi] -lfl and shc-1431 i iTnlO 

20 mutations and another lysate on the fi. tvohimurlum strain 
X3711 containing the Acva-12 end gld-62 :;TnlO mutations. 
The resulting P22KT jnt lysate s were then ueed to transduce 
the genetic traits into the wild -type recipient strains 
X3339, 798 and X3761. 

25 P22HTlnt propagated on fi. tvphlmurlum x3712 ( ATctp- 

C2*fi]-1Q zhc-1431 : : Tnl£ ) was used to transduce the virulent 
strains to tetracycline resistance with screening for Mai*. 
The phage -bacteria Infection mixtures were Incubated for 20 
mln et 37'C before 100 ft\ samples were spread onto 

30 HacConkey agar (Difco laboratories . Detroit. MI) containing 

1% maltose (final concentration) supplemented with 12.5 /ig J 
tetracycline/ml. After approximately 26 h incubation at * 
37 *C, tetracycline resistant Hal' transductants were picked 
and purified onto the same medium. The resulting 798 

35 derivative was designated x3777 and the UK-1 derivative was 
designated x3779. Strains X3712, x3777 and x3779 all have 



86 

the genotype A[ctd- cvbG 1 -1Q ihe-1431 : :TnlO (Table 2.B. ) - 
X3777 and x3779 were grown in t, broth ♦ 12/S ftg 
tatracycllna/ml and each were diluted 1:10 into buffered 
saline with gelatin (BSC), 100 ^1 of each were spread onto 
5 fusarlc acid -containing (FA) media (Maloy and Kunn, 1981) 
and the plates were incubated approximately 36 h at 37 *C. 
Fusarlc acid-resistant colonies of each strain were picked 
into 0.5 ml BSC and purified onto FA medium. Purified 
fusarlc acid-resistant colonies were picked Into L broth 

10 and grown at 37 *C to turbidity and checked for loss of Tnlfl 
(tetracycline sensitivity), presence of complete LPS and 
ouxotrophy. The new strains were designated x3784 (UX-1) 
and X3806 (798) which both have the genotype Af crn - cvaG l-lO 
AC zhc-1 431 Tnlfl] • X3622 (SL1344) Ar crn - cv«Q 1-10) was 

15 originally Isolated as described in Example 1) (Table 2B). 

Since the phono type of Cya* end Crp* mutants are the 
same (Mai", Stl*, Ktl\ etc.), the plasmid, pSOllO, carrying 
the cloned SEB* gene and conferring aopicillin resistance 
(Schroeder and Dobrogoss, J. Bacterlol *.67i 616-622 (1986)), 

20 was used to temporarily complement the Aero, mutation in the 
chromosome enabling the identification of the A cva nutation 
when introdu c ed via transduction. L broth grown cultures 
of X3622, x3784 and X3806 were transduced with P22KTlnt 
propagated on fi. tvphlmurlum X3670, which contains the 

25 plasmid pSDUO (Table 2). Selection was made on HacConkey 
agar ♦ 1% maltose ♦ 100 ftg amplclllln/ml. After 26 h, an 
amplclllln-reslstant, Hal* colony of each strain was picked 
and purified on HacConkey agar ♦ 1% maltose agar ♦ 100 fig 
ampiclllln/ml and designated X 3901 (798) and X3945 (UK-1) 

30 which both have the genotype A [ crp -cysg } -lfl Af xhc- 
143j ; iTnlflJ pSDUO* and x3706 (SL1344) which has the 
genotype A(cEC-CzaS)-lfl pSDUO*. 

Strains X3706, x3901 and x3945 were grown In L broth 
♦ 100 ftg amplclllln/ml and were each Independently 

35 transduced with P22HTlqt propagated on X3711 to introduce 
the linked Acva- 1,2 and rld-62 : : Tnlfl mutations. The 
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MeOiq . Complex media for routine cultivation, 
enumeration and identification of bacteria are as described 
in Example I. 

Transduction and fuearlc acid aalaetlon for loan of 
5 Xolfl. The media and methods are as described In Example 1. 

Genetic stability of avirulent mutanta. Methods for 
determining stability of genetic traits ere as described in 
Example 1. 

Mice.. Female CFV-1 mice (18-20 g) (Charles River, 

10 Wilmington, MA) were used for all ±nf activity experiments. 
Animals were held for one week in a quarantined room prior 
to being used in experiments. Experimental mice were 
placed in Nalgene filter-covered cages with wire floors. 
Food and water were given fid. libitum . The animal roon was 

15 maintained at 22-23 *C with a period of 12 h Illumination. 

Anlwal infectlvltv. The virulence of fi. typhi 
strains was determined following intraperitoneal (l.p.) 
injection with hog gastric mucin. Bacteria for inoculation 
into mice were grown overnight as standing cultures at 37 *C 

20 in L broth. The cultures were diluted 1:50 Into prewarmed 
L broth and aerated at 37 "C for approximately 4 h to an 0D W 
of about 0.8-1.0. Suitable dilutions were plated on 
Penaseay agar for titer determination and on MacConkey agar 
with 1% maltose to verify the Cya/Crp phono type. 

25 Intraperitoneal inoculation of unfasted CFW-1 mice 

was performed using a 2 6 -gauge 3/8" needle to deliver 500 
>tl of £. tYPhl cells suspended in 15% (w/v) hog gastric 
mucin (Wilson lot #0347A001). The mucin suspension was 
prepared by autoclavlng 10 mln 121*F (15 p.s.l.), 

30 neutralising to pR 7 and adding 3 /tg of ferric ammonium 
citrate (Sigma, St. Louis, M0) per ml prior to adding fi. 
VYDhl cells . LD H values of the wild-type parents and 
virulence of the Aero- 11 Acya-12 derivatives were 
determined after recording morbidity and mortality data for 

35 10 days. 
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Construction 0 g g. yypUl strains, with cyo. gnfl crp 

euiaiifiQe- The wild-type, virulent fi. XxShL Ty2 (type Bl ), 
ISP1B20 (type 46) and ZSP2822 (type El) strains were 
genetically modified es described below, using classical 
5 genetlo methods similar to those described in Curtiss and 
Kelly (1967). ISP1B20 and ISF2822 were recently isolated 
during a typhoid epidemic In Chile end ere likely to be 
more invasive than the standard laboratory Ty2 strain of fi. 
typhi . Their attenuation might therefore generate vaccine 

10 strains that would be more efficacious than those derived 
from Ty2. The construction strategy consists of mobilising 
deletions of ££B «nd cva genes that have been Isolated and 
characterised in fi. tvphlreurlum SL1344 by placing the 
transposon Tnlfi (encoding tetracycline resistance) nearby 

IS the Acva or Aero, mutation and transducing the linked traits 
into the highly virulent fi. iypiii Ty2, I&F1&20 end ISP2822 
strains via P22HTlnjt-medlated transduction with selection 
for tetracycline resistance and screening for a maltose- 
negative phenotype. The zhc-1431 : :TnlQ linked to cro and 

20 zld-62: :Tnlfl linked to fiya. were used for this purposs. 
Neither insertion alone affects virulence of £. 
tvphlmurlim. 

Transduction of the gene deletions with the linked 
transposon was facilitated by first making a high- tl tar 

25 bacteriophage P22HT£rvfc lysete on the S. tvnhlmrliim strain 
X3773 containing the Acrp-11 and xhc-1431 : : TnlO mutations 
and another lysate on the fi. tvphlnrurlum strain x3711 
containing the Acva- 12 and xld-62 : ;T n;0 mutations. The 
resulting F22HTln£ lyeates were then used to infect at a 

30 multiplicity of Infection of 10 to transduce the genetic 
traits into the recipient fi. typhi Ty2, 1SP1820 and ISP2822 
strains. 

P22HTlm propagated on fi. typhi murium x3773 f Acrp-11 
xhc- 1,43 1: :Tnlfi) was used to transduce the virulent fi. tvehl 
35 Ty2, XSP1820 and ISP2822 strains to tetracycline resistance 
with screening for Mai*. The phage- bacteria infection 
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mixtures ware incubated for 20 min at 37 'C before 100 /tl 
samples were spread onto HacConkey agar (Olfeo 
Laboratories, Detroit, MI ) containing 1% maltose ( final 
concentration) supplemented with 12.5 ftg tetracycline /ml . 
5 After approximately 26 h Incubation at 37 'C, tetracycline- 
resistant Hal' transductanta were picked and purified onto 
the sa*« Mdlua. The resulting Ty2 derivative was 
designated *3B53, the ZSP1B20 derivative designated X3298 
and the ISP2022 derivative designated x3BS2. XI 1 of these 

10 strains have the genotype Acrp-ll ehe-1431 t ;TnlO (Table 
2.C.). Strains X3852, X38S3 and *4298 were grown in L 
broth ♦ 12.5 fig tetracycllne/ml and each were diluted 1:10 
into buffered saline with gelatin (BSG), 100 pi of each 
were spread onto fusarlc acid-containing (FA) media (Malay 

15 and Nunn, 1981) and the plates were Incubated approximately 
36 h at 37 "C. Fusarlc acid-resistant colonies of each 
strain were picked into 0.5 ml BSG and purified onto FA 
medium. Purified fusarlc acid-resistant colonies were 
picked into L broth and grown at 37 *C to turbidity and 

20 checked for loss of TnlQ (tetracycline sensitivity), 
presence of complete LPS and VI antigen and auxotrophy for 
cysteine and tryptophan (two amino acids required by all 
the parent strains). The new strains were designated ' 
(ISP2822). X3878 (Ty2) and x*299 (ISP IB 20) which all have 

25 the genotype Acrp-ll Af zhc-1431 i :Tnl01 (Table 2.C.). 

Since the phenotype of Cya" and Crp" mutants are the 
ease (Hal', Stl", Htl", etc. ). the plasaid, pSDllO, carrying 
the cloned crp* gene conferring anplclllln resistance 
(Sehreeder and Dobrogoss, J. Bactgrjo^ . 16?i 616-622 

30 (1986)), was used to temporarily complement the Actp 
mutation in the chromosome enabling the Identification of 
the A£3*A mutation when Introduced via transduction. L 
broth grown cultures of X3877, X3878 and x4299 were 
transduced with P22HT lnt propagated on fi. tvphlmurlum 

35 X3670, which contains the plasmld pSDllO (Table 2.B.). 
Selection was made on HacConkey agar ♦ It 'maltose 100 fig 
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amplcill In/ml. After 26 h, an amplclllln-resi stent, Kal* 
colony of each strain was picked and purified on HacConkey 
agar + 1% maltose agar ♦ 100 ftg amplclllln/ml and 
designated x3879 (ZSP2822), x3880 (Ty2) and x«00 (1SP1820) 
5 which all have the genotype Aero- 11 Af ghc-1431 : iTnlOl 
pSDllO*. 

Strains x3879, x3880 and X4300 were grown in L broth 
♦ 100 M0 amplclllln/ml and were each independently 
transduced with P22H Tln,t propagated on X3711 to Introduce 

10 the linked Acva-12 and rld-62 : ; TnlQ mutations. The 
transduction mixtures were plated on HacConkey agar + it 
maltose ♦ 1O0 ftg ompicillin/ml + 12.5 pg tetracycline/ml . 
Amplclllln- resistant (pSDllO'), tetracycline -resistant f xld- 
62 i: TnlQ), Hal" (Acv£) colonies were picked and purified on 

15 HacConkey agar ♦ 1% maltose ♦ 100 ftg amplcillln/ml ♦ 12.5 
fig tetracycline/ml. Purified colonies were picked into L 
broth, grown to turbidity and the strains checked for 
complete LPS, VI antigen and auxotrophy for cysteine and 
tryptophan. The resulting strains were designated X3921 

20 (ISP2822), X 3922 (Ty2) and X 4316 (1SP1820) which ell have 
the genotype Acrp-ll Af zhc-1431 : iTniQJ pSDllO* Acva-12 aid- 
£2t:Tnlfi (Table 2.C.). Cultures of X3921, X3922 and X*316 
were grown in L broth ♦ 100 ftg amplcillln/ml ♦ 12.5 fig 
tetracycllne/ml to turbidity, diluted 1:10 into BSG, and 

25 100 ml samples of each culture spread onto fusarlc- 
containlng media and incubated approximately 36 h at 37"C. 
Fuoorlc acid-resistant colonies of each strain were picked 
end purified onto FA medium. Purified FA-reeietant 
colonies were picked into L broth, grown to turbidity and 

30 then checked for loss of Tnlfl (tetracycline sensitivity), 
complete LPS, VI antigen end auxotrophy for cysteine and 
tryptophan. The pSOHO plasmld was usually spontaneously 
lost from the strains during this process to result in 
ampiclllln sensitivity. The final strains were designated 

35 X3926 (ISP2822), X 3927 (Ty2) and x«22 (ISP1B20) which ell 
have the genotype Aero- 11 AT yhc-1431 : : TnlOl Acva-12 Af zld- 
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fii! :Ti\ifl (Table 2.C. ) . g. typhi VI antigen synthesis was 
confirmed by slide agglutination with antlsera to VI (Dlfoo 
Laboratories, Detroit, Ml) and by Vlll bacteriophage 
sensitivity by the Luria soft agar overlay technique . 
5 Synthesis of flagella Is dependent on functional cya, and 
CES genes. However, since flagella are a potentially 
Important antigen, motile derivatives of acva Acre fi. typhi 
strains, due to nutation In the cfo (constitutive flagellar 
syntheses) gene (Silverman and Simon, J. Bacterial . 

10 Jifl: 1196-1203 (1974)), were selected In motility agar. 
X3926 and x3927 were Isolated as flagellated and motile 
whereas strain *4323 was selected as a flagella -positive 
motile derivative of X4222. 

Table 9 lists the phenotyplc properties of all the 

15 mutant strains and their parents with regard to 
fermentation of sugars and growth on various carbon 
sources, LPS profile, VI antigen and mean generation time. 
The phenotypes are as expected based on published reports 
of the requirement for cyclic AMP and the cyclic AMP 

20 receptor protein for catabolic activities. 
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Genetic stability of avlrulent autanf . Strains to 
bo orally administered a* live vaccines mist have conplate 
stability with regard to thalr ovlrulence attributes. Whan 
50-fold concentrated cultures and various dilutions (-10*, 
5 10\ 10*, 10* CFV/plate) of the Asm Aero £. tvnhl strains 
were plated on minimal agar media (supplemented with 
required amino acids) containing 0.5% maltose, mellblose, 
xylose, glycerol, or rhastnose that should not support their 
growth, revertants and mutants were not detected. One set 

10 of duplicate plates was UV-lrredieted (5 joulea/meter'/sec) 
end incubated at 37 *C in the dark. The other set of plates 
was incubated at 37 "C with Illumination. Rsvertants and 
mutants were not detected after a 48 h growth period. An 
Investigation was also conducted as to whether 

15 tetracycline* resistant revertants /mutants could be 
recovered at frequencies higher than could be observed for 
the parental strain. In all cases, such tetracycllne- 
reslstant revertants /mutants were not observed. 

Virulence of mutant arrnlna for mten. Mice survive 

ZO Infection with about 10* times the LD, 0 dose of either X3926 
or X3927. The natural host for fi. typhi is man. 
Therefore, hog gastric mucin is used es a virulence 
enhancer of £. typhi cells in mice, and thus maximises the 
virulence of £- £ypJH vaccine candidates in this model 

25 system. 
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Example 6 

This example demonstrates the construction of 
avlrulent microbe by the Introduction of deletion nutations 
affecting cAKP synthesis and utilisation and an adjacent 
S gene which governs virulence of Sa lmonel la by affecting 
colonization of deep tissues. 

Bfl CtC rial Strain ft- The Salmonella tvphlmurlui- and 
fi. typhi strains used are listed in Table 2.B. and C. The 
malntenanoe and storage of these strains are as described 
10 In Example 1. 

Media. Complex media for routine cultivation, 
enumeration and Identification of bacteria are as described 
In Example 1. 

Transduction and fusarlc acid selection for loss of 
IS Tnlfi. The media and methods are as described In Example 1. 

Genetic stability of avlrulent wutunta. Methods for 
determining stability of genetic traits are as described In 
Example 1. 

Construction of s. typhi strains with Acva-ia ^ 

20 fero-cvBCI.lO mitatlona. s_. £yphA is highly Invasive for 
huaans. Although fi. typhi strains with the acva-12 and 
^TTP-H mutations appear to be avlrulent. It would seen 
prudent to consider adding an additional attenuating 
mutation to further enhance safety without compromising 

25 Immunogenic! ty. The properties of the a' cro - cvad -10 
mutation in 2. tvphlmurlmn strains (Examples 1, 3, and 4) 
Justify its use to render £• typhi ovirulent and 
Immunogenic . This mutation also deletes the cgJS gene 
governing colonization of deep tissues by Salmonella 

30 tYPhlPUrlym without significantly diminishing colonization 
of the Intestinal tract and GALT. 

The wild-type, virulent Ty2 (type El), ISP1820 (type 
46 ) and 1SP2822 ( type El ) strains were genetically modified 
as described below, using classical genetic methods similar - 

35 to those described in Curtlss and Roily (1987). ISP1820 
and ISP2S22 ware recently Isolated dur\ng a typhoid 
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epidemic in Chile and are likely to be more Invasive than 
the standard laboratory Ty2 strain of fi. typh i. Their 
attenuation might therefore generate vaccine strains that 
could be more efficacious than those derived from Ty2. The 
5 construction strategy consists of mobilizing deletions of 
. grp. and SXA genes that have been Isolated and characterized 
in fi. tYPTUFHirlun SL1344 ( as described In Example 1 ) by 
placing the transposon Tnlfl (encoding tetracycline 
resistance) nearby the Acya, or MdE-EXfifi] - 10 mutation and 

10 transducing the linked traits into fi. typhi Ty2 and the 
highly virulent £. typhi ISP1B20 and ISP2822 strains via 
P22HTln£-medlated transduction with selection for 
tetracycline resistance and screening for a maltose- 
negative phenotype. This xhc-1431 : : TftlO linked to [cjrp- 

15 -1£ and zld-62: iTnjQ linked to cva were used for this 

purpose. Neither insertion alone affects virulence of fl. 
ty£hl£urlum.. 

Transduction of the gene deletions with the linked 
transposon was facilitated by first making a high- titer 

20 bacteriophage P22HTlni lysate on the fi- tvphlnurlua strain 
X3712 containing the otCXB-fiyafiJ-lfl and zhc-1431 i :Tnl0 
mutations and another lysate on the fi. tvphlmurlum strain 
X3711 containing the Acva-12 and zld-62 : :TnlO mutations. 
The resulting P22HT lnt lysates when then used to transduce 

25 the genetic traits Into the recipient £. typhi Ty2, ISP1820 
and ISP2822 strains. 

P22HTint propagated on S.. tvnhl murium x 3712 fAfcro- 
C2CfifiD-lQ rhc-1431: tTnlfl) was used to transduce the virulent 
S> tXSbi. Ty2, X6P1B20 and XSP2822 strains to tetracycline 

30 resistance with screening for Hal - . The phage-bacterla 
infection mixtures were incubated for 20 mln at 37 *C before 
100 /il samples were spread onto MaoConkey agar (Olfoo 
Laboratories, Detroit, MI) containing 1% maltose (final 
concentration) supplemented with 12.5 ftQ tetracycllne/ml . 

35 After approximately 26 h Incubation at 37'C, tetreeycllne- 
reslstant Hal* transductants were picked and purified onto 
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the soma medium. The resulting ISP2822 derivative was 
designated X3791, the Ty2 derivative was denigrated X3792, 
and the ISP1B20 derivative was designated x<324. All of 
these strains have the genotype Mcrp- cvaG T-lp rhc- 
5 1431 ; :Tnlfl end were auxotrophic for cysteine, tryptophan 
and arglnlne (Table 2.C.). Strains x3791, x3792 and x*324 
were grown In L broth ♦ 12.5 /ig tetrecycllne/ml. Bach 
culture was diluted 1:10 Into buffered saline with gelatin 
( BSC ) , 1O0 ftl of each was spread onto f usarlc ocld- 

10 containing (FA) medle (Haloy end Nunn, 1981 ) and the plates 
Incubated approximately. 36 h at 37*C. Pusarlo acid- 
resistant colonies of each strain were picked Into 0.5 ml 
BSC and purified onto PA medium. Purified f usarlc acid- 
resistant colonies were picked Into L broth and grown at 

15 37 *C to turbidity and checked for loss of Tnlfi 
(tetracycline sensitivity ), presence of complete LPS end VI 
antigen and auxotrophy for cysteine, erglnlne and 
tryptophan. The new strains were designated X3602 
(ZSP2822), x3803 (Ty2) and X*325 (ISP1820) which all have 

20 the genotype A[crj£-s£&S] -10. Af rhc-1431 ; :Tnl01 (Table .C). 

Since the phenotype of Cye" end Crp"/Cdf mutants are 
the same (Mal~, Stl", Mtl*, etc.), the plasmld, pSDUO, 
carrying the cloned crp * gene and conferring amplclllin 
resistance (Schroeder and Dobrogosz, J. Bocterio^ . 167:616- 

25 622 (1986)), was used to temporarily complement the Aero 
mutation In the chromosome enabling the identification of 
the Acvj eutatlon when Introduced via transduction. L 
broth grown cultures of X3802, X3803 end x«25 were 
transduced with P22KTln£ propagated on &. tvphlmurltm 

30 X3670, which contains the plasaid pSOHO (Table 2.B.). 

Selection was made on MecConkey agar ♦ 1% maltose ♦ 100 fig ?. 
ampleillln/ml . After 26 h. an empicillin-resistant, Mai* * 
colony of each strain was picked and purified on MscConkey 
agar. ♦ 1% maltose agar + 1O0 ftQ ampieill in/ml and 

35 designated X3824 (Ty2), X 3945 (ISP2822) and x«31 (ISP1820) 
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which all have the genotype A[CEB-cyjjfi]-lfi Af zhc- 
Uai::Tnl0J pSDUO*. 

Strains X 3824, X 3845, end x«31 were grown In L 
broth ♦ 100 mo. ampicillln/ml and were each Independently 
5 transduced with P22HTlo6 propagated on *3711 to introduce 
the linked Acta- 1 2, and iidj^: iTnifi mutations. The 
transduction mlxturee were plated on MecConkey agar ♦ 1% 
maltose * 100 ftQ lei 11 in/ml ♦ 12.5 ftQ tetrocycline/ml . 
Ampicillin-resistant (pSDllO*), tetracycline- resistant t xld- 
10 filiiTnlfl), Mai* (Asza) colonies were picked and purified on 
HacConkey agar ♦ 1% maltose + 100 fig aapicillin/ml ♦ 12.5 
fig tetracycline/ml. Purified colonies were picked into L 
broth, grown to turbidity and the strains checked for 
complete LPS, VI antigen and auxotrophy for cysteine and 
15 tryptophan. The resulting strains were designated x 3919 
(Ty2), X 392Q (1SP2822) end X «40 (ISP1820) which all have 
the genotype AfcxB-cjcafi) -JLfl A[ rhc-1431 : :Tnifi] pSDUO* Acva- 
12 rJ,d,-&2 : :Tnifl. Cultures of x3919, X3920 and x«40 were 
grown in L broth ♦ 100 fig e«picillin/ml + 12. 5 MO 
20 tetracycline /ml to turbidity, diluted 1:10 into BSO, and 
100 pi samples of each culture spread onto fusarlc acid- 
containing media and incubated approximately 36 h at 37*C. 
Pusarlo ecld-reslstent colonies of each strain were picked 
and purified onto PA medium. Purified FA-resistant 
25 colonies were picked into L broth, grown to turbidity and 
then checked for loss of Tnlfl (tetracycline sensitivity), 
complete LPS, VI antigen and ouxotrophy for cysteine, 
arginlne and tryptophan. The pSDUO plesmld was usually 
spontaneously loot from the strains during this process to 
30 result in amplclllin sensitivity. The final strains were 
designated X3924 (Ty2), X 3925 (ISP2622) end X ISP1820) 
which all have the genotype A[ctp- cvbG 1 -10 Af rhc- 
142l::TniPJ Agyp-12 AT sld-62 : :Tnl0J (Table 2. C). fi. typhi 
Vi antigen synthesis was confirmed by slide agglutination 
35 with on tl sera to VI (Difco Laboratories, Detroit, MI) and 
by VI IX bacteriophage sensitivity by the Luria soft agar 
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overlay technique. Synthesis of £ legal la la dependent on 
functional cva and crp penes. However, since flagella ere 
a potentially Important antigen, not lie derivatives of Acva. 
Acrp £. typhi , strains, due to Mutation In the GlM. 
S (constitutive flagellar synthesis) gene (Silverman end 
Simon, J. Bacterid . 120 :1196-1203 (1974), were selected In 
motility egar. Strains X3940 (ZSF2S22), *4073 (Ty2) and 
X4346 (ISP1820) were selected as f legal la-posltlve motile 
derivatives of x3925, x3924 and x*345, respectively. 

10 Fernentatlon of sugars and growth on various carbon 

sources of the Arcrp-cvpGl -10 mutant strains were the same 
as observed for the *C.TV-l 1 mutant strains. The phanotypes 
are as expected based on published reports of the 
requirement for cyclic AMP and the cycllo AMP receptor 

15 protein for catabollc activities. 

gqn«Uc PtObUltY Pi QYAmlcnt FVtgntB- Strains to 
be orally administered as live vaccines must have complete 
stability with regard to their a virulence attributes. When 
50-fold concentrated cultures and various dilutions (-10*, 

20 10% lO*, 10* CFU/plate) of the Acva Asxb 6* XYJtbl strains 
were plated on minimal agar media (supplemented with 
required amino acids) containing 0.5% maltose, mellbiose, 
xylose, glycerol, or rhamnose that should not support their 
growth, revertonts and mutants were not detected. One set 

25 of duplicate plates was UV- irradiated (5 Joules/meterVeeo) 
and incubated at 37 *C in the dark. The other set of plates 
was Incubated et 37 "C with illumination. Revert ants and 
mutants were not detected after a 48 h growth period. An 
investigation was also conducted as to whether 

30 tetracycline- resistant revertonts /mutants could be 
recovered et frequencies higher than could be observed for 
the parental strain. In all cases, such tetracycline - 
resistant revertants/mutants were not observed. 

Example 7 

35 This Example describes the ^construction of 

recombinant a virulent £. t yphft strains expressing foreign 
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antigens for use as oral vaccines to Immunise against 
various infectious diseases. 

Bacterial atraina. The £. coll. fi. tvnhlmurlum and 
&* t yphi strains used are listed in Table 2. The 
5 maintenance and storage of these strains are as described 
In Example 1. 

Media . Complex media for routine cultivation, 
enumeration and Identification of bacteria are as described 
In Example 1. 

10 Transduction and fuaarle acid selection for loss of 

TnlO. The media and methods axe as described in Example 1. 

construction of S. typhi stMlng UXih A&filS&I 

mutation . The wild-type, virulent fi. typhi Ty2 (type El) 
was genetically modified es described below, using 

15 classical genetic methods similar to those described in 
Curt i as and Kelly (1987) and Nekayama, Kelly and Curtis o 
(1988). The construction of strains x3927 and x*323 
containing the Acva-12 A crp - 1 1 mutations was described In 
Example 5. The construction of strain x*346 containing the 

20 Af crp - cvsC I -jl.0 mutations was described In Example 6. . The 
stable maintenance and high-level expression of cloned 
genes on recombinant plasmlda in avlrulent Salmonella 
strains is dependent upon use of a balanced- lethal host- 
vector system. For this, a chromosomal mutation of the asd 

25 gene encoding aspartate B- semi aldehyde dehydrogenase is 
Introduced into a Acva Aero mutant to impose an obligate 
requirement for dlamlnopimelic acid (DAP) which is an 
essential constituent to the rigid layer of the bacterial 
cell wall end which is not synthesized in animals. The 

30 chromosomal Aasd mutation Is then complemented by e plaemld 
cloning vector possessing the wild- type asd * gene. Loss of 
the plaemld result a in DAPless death and cell lysis. Such 
balanced- lethal host -vector combinations are stable for 
several weeks In the Immunised animal host and elicit 

35 strong Immune responses against the cloned gene product as 
well as against Salmonella . 
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The construction strategy consists of mobilising the 
Afiftfftl mutation that has been isolated and characterized in 
fi. typhi raurlmn LT2— Z (£3520) into a Acva Actp fi. IXBhl 
strain. This was accomplished by placing the tronsposon 
5 Tnlfl (encoding tetracycline resistance) nearby the AasdAl 
nutation and transducing the linked traits into the fi. 
typhi Ty2 Acva-12 A crp - H strain %3927, the £. typhi 
ISP1B20 Acva-12 Acrp-11 , strain x*323 and the fi. Typh^ 
ZSP1820 Acvn-12 A(cxC-Exafi] -Xfl strain X*346 via P22HTlnt 
10 transduction with selection for tetracycline resistance and 
screening for a diamlnoplmelic acid (DAP) -negative 
phenotype. The zhf -4 : : TnlQ linked to AasdAl was used for 
this purpose. 

Transduction of the gene deletion with the linked 

IS trans poson was facilitated by first making a high- titer 
bacteriophage P22KTint lysate on £. typhi murium X3520 
containing the Af»«rt^fl and zhf-4 t ;TnlO nutations. The 
resulting P22KT lnt lysate was then used to Infect and 
transduce the genetic traits into the recipient £. typhi 

20 Ty2 strain *3927, the XSP1B20 strains x*323 end x4346 at a 
multiplicity of infection of 10. 

The phage •bacteria infection mixture was Incubated 
for 20 mln at 37 'C before 100 fil samples were spread onto 
Penassay agar (Olfco Laboratories, Detroit, Ml) containing 

25 50 ftQ DAP/ml and supplemented with 12.5 ftQ tetracycllne/ml . 
After approximately 26 h incubation at 37 *C, transductants 
were picked and purified on the same medium. A screening 
of five tetracycline- resistant colonies yields 
approximately four to five transductants that are also DAP- £ 

30 requiring. The resulting Ty2 derivative was designated \ 
X«296 and has the genotype Aero- II Af rhc-1431 : :Tnifl] Acva- 
12 Af tid-62 : :TnlQ] AasJ&l zhf-4 : :Tnlfl. The resulting 
ISP1B20 derivatives were designated X4416 with the genotype 
Afcrp-cvBGI-lO Af xhc-1431 : iTiMQI Azld-62 : : W^JLQ] A asdAl rhf- 

35 4::Tnlfl and X^434 with the genotype A ero- 11 ATzhe- 
1431 ;:Tnl01 Acva-12 Af ald-62 : tTnlOl AasdAl thf-4: :TnlO. 
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Strains X*296, *4416 and x^434 were grown In L broth + 50 
MQ DAP/ml + 12.5 ftQ tetrecycllne/ml and was diluted 1:10 
into buffered saline with gelatin (BSO), 100 ^1 was spread 
onto fusarlo acid-containing (FA) ♦ 50 ftQ DAP/ml medium 
5 (Haloy and Hunn, 1981) and the plates were Incubated 
approximately 36 h at 37 'c. Fusaric acid-resistant 
colonies were picked into 05 ml BSC and purified onto FA ♦ 
50 ftQ DAP/ml media. Purified fusaric acid-resistant 
colonies were picked Into L broth ♦ 50 ftg DAP/ml and grown 

10 at 37*C to turbidity and checked for loss of Tnl Q 
(tetracycline sensitivity), presence of complete LPS and VI 
antigen and auxotrophy for cysteine, tryptophan, 
methionine, threonine and DAP on minimal media. The new 
strains were designated x*297 (Ty2), which has the genotype 

15 AeXBnU. Afrhc-1431: rTnlOl AcYO-12 Af zld-62 : :Tnlfi] AasdAl 
A[Z&£=1: :TnlflJj %4<17 (ISP1820), which has the genotype 
AICEB-cvsGJ-lO. Af zhc-1431» :TnlQ1 Acva-12 Af xld-62 : :TnlQ1 
AflfidAl Af rhf-4 : :Tnlfl] ; and x*435 (ISP1820), which has the 
genotype Acre- 11 AT zhc-1431 : ;TnlQ1 Acva-12 AT zld-62 : :TnlQ1 

20 AasdAl Af rhf-4 : :TnlQ1 . 

Asd' derivatives of the wild-type parent strains 
were constructed for the purpose of comparing the 
production of a recombinant antigen expressed by a Crp* Cya* 
background versus a Crp* Cdt" Cya* background. The Ty2 

25 Aasj&i strain was constructed by cotrensduclng £. typhi Ty2 
strain X3769 and the ft. typhi ISP1820 strain A3744 with 
P22HTla£ (X3520), selecting tetracycline resistance and 
screening for a diamlnoplmelic acid-negative phenotype. 
The resulting Ty2 derivative was designated X4456 and the 

30 IGP1820 derivative was designated X4454 and both have the 
genotype Aasj&l zhf-4 ; :Tnlfl. Strains X4456 and X4454 were 
grown In L broth * 50 ftg DAP/ml ♦ 12.5 MQ tetracycllne/ml 
and was diluted 1:10 Into buffered saline with gelatin 
(BSC), a 100 ftl sample was spread onto fusaric acid 

35 containing ♦ 50 fiQ DAP/ml medium (Haloy and Nunn, 1981), 
and the plates were incubated approximately 35 h at 37 *C. 
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Pusarlc add -resistant colonies wars picked Into L broth ♦ 
50 MO DAP/m and grown at 37 *C to turbidity and checked for 
loss of TnlO (tetracycline sanaltlvlty) , presono* of 
complete LPS and VI antigen, and ft uxo trophy for cysteine, 
5 tryptophan, methionine, threonine and CAP on minimal media. 
The new strains were designated X4457 (Ty2) end X4455 end 
have the genotype AftT^M al xhf-4 t iT nlQ] . 

Eynrftsflion of a Hveohaetariua leprae ant loan in 
OYlrulent recombjnnnS — fi^ £z&hl. Xgtll i rHvcQbactQrJlum. 

10 lep r a e clone L14 (also designated clone 7.8) was Identified 
by immunological screening of a Xgtll : :H- leprae library 
with pooled sera froa 21 lepromatous (LL) leprosy patients 
(Sathish, Baser, Thole and Clark -Curtlss, ynfect . ^mnun. 
fift: 1327-1336 (1990)). Clone LI 4 specifies two proteins Of 

15 approximately 156 and 153 kDa, both of which react very 
strongly with antibodies in the pooled LL patients ' sera 
(Sathish et el., 1990). These proteins also react with 
antibodies In 14 out of the 21 LL patients' sera when the 
sera were tested Individually (Clark -Curtlss, Thole, 

20 Sathleh, Bosecker, Selo, de Carvalho and Esser, Res ■ In 
fUcrpbiPlpgY, In press). 

The 1.0 kb M- leprae Insert DNA fragment was removed 
from Xgtll clone L14 by digestion of the recombinant phage 
DNA with EqqRI, followed by separation of the digestion 

25 fragments by agarose gel electrophoresis. The fl. leprae 
fragment was purified from the gel and cloned Into the 
Eco Rl site of the Asd* vector pYA292 (Galon, Nakayama and 
Curtlss, SaDA (1990), £4:29). Two kinds of recombinant 
plasnlds were generated: pYA1077, In which the (J- leprae 

30 insert DNA was cloned into pYA292 In the sane orientation 
relative to the trc promoter as it was In Xgtll relative to 
the Ifi£2 promoter, and PYA1078, in which the *J. leprae 
fragment was cloned in the opposite orientation relative to 
the £cc promoter. A partial restriction map of pYA1077 Is 

35 presented In Figure 5 . Both recombinant plasmlds were 
transformed into Escherichia coif, K-12 strain X&0C0 and fi. 
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typhi, wurivCT strain x3 ? 30 and the proteins specified by the 
transformants were analyxed by Western blotting. Clone 
PYA1077 specifies a single fusion protein of approximately 
30 kDa, which reacts strongly with antibodies In the pooled 
5 LL patients* sera. Clone pYA1078 does not specify any 
protein that reacts with the patients' sera. 

Bacteriophage P22HTJLn£ lyaates were prepared on &. 
rvr>hi m ,r4i.m X 3730 ♦ PYA1077 and x3730 ♦ pYA1078; these 
lysates were used to transduce fi. typhi %4197 , x<417, 

10 X4435, X4455, and 1*4457. Western blot analysis of the 
proteins produced by three randomly chosen transductants of 
X4297 with pYA1077 showed that each transductant specified 
a protein of 30 kDa that reacted with the pooled LL 
patients' sera wherees three Independent x*297 

15 transductants harboring pYA1078 did not specify en 
immunologically reactive protein (Figure 6). 

In addition, expression of Immunologically reactive 
proteins from pYA1077 was also shown In x*417, X«35, 
X44S5, end %A457 . Figure 7 shows e Western blot of 

20 proteins produced by Xgtll leprae clone L14 and fi. 

typhi . fi. tYPht^AiriiV"! and E- coll strains harboring pYA292, 
pYA1077 and pYA1078. The proteins on the nitrocellulose 
filter were reacted with pooled sera from 21 lepromatous 
leprosy patients. Positive antigen- antibody were detected 

25 by the technique described by Sathlsh, Esser, Thole and 
Clerk -Curtis a (1990) £&::1327. More specifically, the 
secondary antibody was alkaline phosphatase -conjugated 
anti-human polyspeclflc antibodies and the chxomogenlc 
substrates were nltro blue tetraxollum and 5-bromo-4- 

30 chloro-3-lndolyl phosphate, p-toluldlne salt. The lanes in 
the figures are as follows: (lane 1) molecular size 
markers i (lane 2) fi. typhi x«297 with PYA1077; (lane 3) fi. 
SypJul X**17 «lth pYA1077; (lane 4), fi. typhi x^435 with 
pYA1077i (lane 5) fi. *yjBhl V4455 with pYA1077| (lane 6) fi. 

35 lyjlhi X**" with pYA1077; (lane 7) fi. typhi X «297 with 
pYA292; (lane 8) fi. SXEhX. X««35 with pYA292; (lane 9) fi. 
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HEhl X-M35 with pYA292; (lane 10) fi. typhi X*457 with 
pYA292; (Ions 11) fi. tyjpfii X4417 with pYA292; (lone 12) fi. 
coll X&097 with pYAl077; (lane 13) proteins from Xgtll::H> 
leprae, clone L14i (lane 14) fi. *^ffMmirlWP1 X4072 with 
pYA1076. The Immunologically reactive proteins specified 
by Xgtll : :{J- leprae clone L14 are larger In elca because 
they are fusion proteins with B-galectosldase. 

The fi. tvohl strains X4297, X4417 and X4435 with the 
pYA1077 recombinant vector are candidates to Immunize 
hunsna to protect against typhoid fever and leprosy. 
Efficacy of such vaccines will be dependent upon 
Identifying one to several £1. leprae antigens that would 
elicit protective Immune responses and having them 
specified by cloned genes in en Asd* vector in the fi. typhi 
A cya Actp Acfljfc strains which could then be used In 

human immunisation trials. 

Example B 

This example provides a procedure for testing the 
safety, immunogenic! ty, and efficacy of live oral vaccines 
comprised of Acya Aero mutants of fi. tvohl . The strains 
tested are Acya, Acrn derivatives of Ty2, ISP1820 and 
ISP2822. 

The Individual Studied. The individuals studied 
are volunteers who are healthy adult humans aged 18-39 
years. The prospective volunteers are screened before the 
study. The screening procedure includes: 

1. medical history 

2. physical examination 

3. electrocardiogram 

4 . urinalysis 

5. complete blood count 

6. blood chemistries (BUN, creatinine, fasting 
blood glucose 

7. Serum Na*, CI*. K\ BCO/ * 
6. VDRL 

9. Hepatitis B surface antigen 
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10. HIV antibody by ELISA 

11. Pregnancy test (females) 

12. Liver function tests (SPOT) 

13. Psychological examination end Interviews. 

5 The Volunteers to participate in the study are selected on 
the basis of general good health' and have: 

1. no clinically significant history of gall 
bladder disease, immunodeficiency , cardiovascular disease, 
respiratory disease, endocrine disorder, liver disease 

10 Including a history of hepatitis, renal and bladder 
disease, enlarged prostate, glaucoma, gastrointestinal 
disease, disorder of reticuloendothelial system, neurologic 
illness, psychiatric disorder requiring hospital ixat ion, 
drug or alcohol abuse: 

15 2. normal and regular bowel habits falling within 

the limits defined for a normal population: at least 3 
stools per week and less than 3 stools per day without 
frequent use of laxatives or antldlarrheal agents; 

3. absence of allergy to amoxicillin or 
20 ciprofloxacin; 

4. no history of any antibiotic therapy during the 
7 days before vaccination; 

3. a negative pregnancy test (females); 
6. a negative HIV antibody test. 
25 The Volunteers are admitted to an Isolation ward, 

and Informed, witnessed, written consent Is obtained. 

Study design . Croups of 22 volunteers are studied. 
Baseline blood end intestinal fluid specime n s are 
collected. After a two-day period of acclimatisation on 
30 the ward, the fasting volunteers ere randomly allowed to 
ingest with bicarbonate buffer e single oral dose 
containing S X 10* of either the Acva. AffXB derivative of 
Ty2, ISP1B20 or ISP2B22. The volunteers are observed for 
the next 15 days for adverse reactions (fever, malaise, 
35 chills, vomiting, diarrhea) (the usual incubation period of 
typhoid fever is 8-12 days). Serial blood and stool 
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cultures are obtained. In addition, any volunteer who has 
a temperature elevation to 100. 8 "F has blood aasplea drawn 
at the tine the observation is made* if the temperature 
remains elevated at this level for 12 hours, therapy is 
5 initiated with oral amoxicillin (1.0 gram every 6h) and 
oral ciprofloxacin (750 mg every 12h for 10 days). 
Duodenal fluid cultures axe also obtained during the period 
of observation on days 7, 10, and 13. 

toimai tarts . The LO M s for the parent strains and 
10 attenuated derivatives in mice by intraperitoneal 
Inoculation with hog gastric mucin as adjuvant are also 
determined. 

Pr M aratlon of the vaccine inocula. Stock cultures 
of the fi. typhi candidate vaccine strains ere stored as a 

15 cell suspension in tryptlcase soy broth (TSB), supplemented 
with 15% glycerol, at -70 *C until needed. To make an 
Inoculum of each strain, the suspension Is thawed and 
plated onto sheep red blood cell agar (5% srbo in TSA), two 
days before challenge. After incubation at 37 *C overnight, 

20 about 20-30 typical colonies are picked and suspended in 
saline. This suspension Is Inoculated onto tryptlcase soy - 
agar plates, appropriately supplemented, and the plates 
incubated overnight at 37 *C. In preparation for orally 
vaccinating the volunteers, growth on these plates is 

25 harvested with approximately 3 ml sterile normal saline per 
plate. The resulting suspension is standardised 

turbldimetrlcally. Dilutions are made In saline to 
approximate the concentration of Salmonella required. The . 
vaccine Inoculum is transported to the Isolation ward on 

30 ice. Microscopic examination and si Ida agglutination with 
fi. typhi O and H antlsera are performed before use. 
Replica spread plate quantitative cultures are made of the 
inocula before and after vaccination to confirm viability 
and Inoculum size. * 

35 Inoculation fi£ Volunteers. The vaccine is 

administered by the oral route with NaKCO,. Volunteers are 
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NP0 for 90 minutes before vaccination. Two grams of NaHCO, 
are dissolved in 5 ounces of distilled water. Volunteers 
drink 4 ounces of the bicarbonate water i one minute later 
the volunteers Ingest the vaccine suspended In the 
5 remaining 1 ounce of bicarbonate water. Volunteers take no 
food or water for 90 minutes after inoculation. 

Procedures for Specimen Collection. 

Stool specimens . A record is kept of the number, 
consistence, and description of all stools passed by 
10 volunteers. A specimen of every stool (or rectal swab if 
stool is not passed) is collected for culture. The volume 
of the specimen is measured. Stools are graded on a five 
point system: 

grade 1-flna stool (normal) 
15 erode 2-soft stool (normal) 

grade 3-thlck liquid (abnormal) 

grade 4 -op aqua watery (abnormal) 

grade 5 -rice water (abnormal). 

Phlebotomy . Serum for antibody determinations is 
20 obtained before and 8, 21, 26, 60, and 180 days after 
vaccination. Heparlnlxed blood for lymphocyte separations 
for antibody-secreting cell assays is collected on days O, 
4, 7, and 10. Mononuclear cells collected on days 0, 28, 
60, and ISO days are used to assess lymphocyte 
25 proliferative responses to Salmonella and control antigens. 
Lastly mononuclear cells from days 0, 28, 60, and 180 are 
also used in the antibody-dependent cytotoxicity assay 
against fi. fyphl and control organisms. Blood (5 ml) is 
obtained for culture on days 3, 4, 7, 8, 10, 12, and 15 
30 during the post-vaccination observation period to detect 
vaccine organisms. An additional specimen of serum and 
mononuclear colls are obtained 180 days after primary 
vaccination. 

J fljupal fluid MPlratlon . Before oral vaccination 
35 and immediately before discharge { day 15 ) , volunteers 
swallow polyvinyl chloride intestinal tubes to a distance 
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of 130 cm from the mouth to collect intestinal fluid for 
•Msument of local SXgA antibody. Ten mg of 
metoclopramide Is Qlven orally after ingestion of the tube 
to ecoelerate its passage from the stomach through the 
5 pylorus into the email intestine. Placement of the tubes 
in the jejunum is verified by distance (130 em), color 
(yellow-green), and pH (6) of aspirated fluid. 
Approximately 100 ml of jejunal fluid is removed at each 
intubation. 

10 gclflUn String CflPffulBtt- In order to determine 

rates of intestinal colonization with each vaccine strain, 
gelatin string capsules ( Entero-Test ) are Ingested by 
volunteers three times during the period of 
hospitalisation . 

15 The volunteer is NPO from 6 A.M. A swallow of water 

Is used to moisten the mouth and throat. The capsule, with 
a portion of the string pulled out, is swallowed with water 
while holding the loop of the nylon string. The line is 
secured to the face, and left in place for 4 hours. The 

20 volunteers are allowed to drink water ad lib, but are not 
allowed other food or beverages. After 4 hours, the line 
is withdrawn, the distal section saturated with bile 
stained mucus is cut and placed in a sterile petrl dish, 
which is labeled for Identification. The strings ere then 

25 cultured for microorganisms, using the same method as with 
the stool specimens. 

Tonnlllflr rultiir^B . m order to detect possible 
invasion of tonsillar lymph tissue after vaccination, 
serial tonsillar cultures are obtained on days 3, 4, 7, 8, 

30 10, 12, and 15. 

Bacteriological Analysis . Stools, rectal swabs, and 
the distal 15 cm of bile -stained duodenal string from the 
Ingested gelatin capsule la Inoculated into selenite F 
enrichment broth. Tonsillar swabs ere inoctileted Into CN 

35 broth. After overnight incubation at 37 'C, subcultures are 
made onto Salmonella -Shigella agar and XLD agar, both 
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appropriately supplemented for the auxotrophy of the 
vaccine strain. Suspicious colonies are transferred to 
supplemented triple sugar iron slants and confirmation made 
by agglutination with £. typhi VI, O, and H antlsera. 
5 These isolates are saved at -70"C in glycerol for further 
analysis (e.g. , for the presence of plasmlds or for 
Southern blotting with specific gene probes for cloned 
genes). 

Blood cultures ( 5 ml ) are Inoculated into 50 ml of 
10 supplemented brain heart infusion broth. 

Immunological Analysis . Sera and Jejunal fluid 
specimens are tested for IgA, IgM, and IgG antibodies to £. 
typhi 0, H, and VI antigens measured by ELISA, using the 
procedures described by Levlne et al. (19B7), J. Clin. 
IS Invest. 22:688-902. H antibody is also measured by wldal 
tube agglutination using £. Virginia as antigen (s.. 
Virginia shares an Identical flagellar antigen with £. 

tVDhl l. 

Peripheral blood mononuclear cells are collected end 
20 separated for studies of specific responses to Salmonella 
antigens. These Include the fallowing. 

1. Antibody-secreting cells: trafficking 
lymphocytes with secrete IgG, IgA or IgM antibody against 
S* typhi o, VI or H antigens are measured by the method of 

25 Kantele et al. 

2. Replicating lymphocytes: peripheral blood 
mononuclear cells are mixed with heat -phenol- activated £. 
typhi . £. typhi murium. £. tnompBDn . and £. col,! to detect 
antigen-driven lymphocyte replication, as described in 

30 Levlne et al., supra. 

3. ADCC: plasma-mediated mononuclear cell 
inhibition of £. typhi, is measured in an antibody dependent 
cellular cytotoxicity assay as described in Levlne et al., 
supra . 

- 35 Excretion of the Vaccine Strain - It is expected 

that excretion of the vaccine strain would cease within 1 
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weak after e dose of vaccina. If excretion continues for 
7 or more days, 'the volunteer vbo continues to excrete Is 
given a dose of ciprofloxacin (750 mg every 12 hours). 
Negative cultures for fc2 consecutive days are required for 
discharge. 

Exawnle 9 

This example demonstrates the safety and 
lsflRunogenldty of a Acva, dcjCB fi- typhi strain, x2927 , which 
was prepared from the wild -type parent strain, Ty2. The 
U3 M in mice of this strain Is 1.8 x 10* (using an 
Intraperitoneal Injection with hog gastric mucin). 

The procedure followed was essentially that 
described In Example B, supra. Two cohorts of volunteers 
were used for studies In which different doses of vaccine 
were given. In the first study, 17 volunteers were 
randomized In a double -blind fashion; 6 volunteers received 
5 x 10' cfu of X3927, the ramalnder received the same dose 
of other £. typhi strains. in the second study, 19 
volunteers were randomized In a double -blind fashion; 6 
volunteers received S x 10* cfu of X3927, the remainder 
received the same dose of other £. typh i strains. 
Volunteers were closely monitored on an Isolation Ward for 
15 days (first study) or 24 days (second study). Vital 
signs were measured every six hours during the period of 
observation. XI 1 stools from each volunteer were collected 
In plastic containers, examined, graded on a five-point 
scale, and the volume measured if the stool was loose. 
Volunteers were interviewed daily by e physician and asked 
about symptoms. Fever was defined as oral temperature 2 
3S.2*C; diarrhea was defined as two or more loose stools 
within 48 hours totalling at least 200 ml In volume or a 
single loose stool * 300 ml in volume. Antibiotic therapy 
was given to volunteers who developed fever or positive 
blood cultures. • 

In order to prepare the vaccine, stock cultures of 
X3927 which had been maintained on trypticase soy broth 
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with 15% glycerol at -70*C were thawed and grown on 
supplemented ero agar. After incubation at 37 *C, 20-30 
typloal colonies of the vaccine strain were picked from ero 
agar, suspended In saline, end Inoculated again onto ero 
5 agar. After overnight Incubation at 37 *C, the bacteria 
were harvested with 2 ml of sterile phosphate buffered 
saline (PBS) and the concentration of bacteria was 
standardised turbldlmetrioally. Dilutions of the 

suspensions were made In PBS to achieve the desired 

10 concentration of viable organisms per milliliter. The 
identity of the Inoculum was confirmed by microscopic 
examination and by side agglutination with £. typhi 0, H, 
and VI antlsera. Replica spread plate quantitative 
culture* were made of the Inocula before and after 

15 vaccination to confirm viability and the Inoculum size. 

The vaccine strains were administered by the oral 
route with sodium bicarbonate. Sodium bicarbonate (2 gm) 
was dissolved In 150 ml of distilled water and volunteers 
drank 120 ml to neutralize gastric add. One minute later, 

20 volunteers drank the vaccine suspended in the remaining 30 
ml of bicarbonate solution. Volunteers had nothing to each 
or drink for 90 minutes before and after vaccination. 

Every stool passed by volunteers (and rectal swabs 
if no stool was passed) was cultured dally for the vaccine 

25 strain. Stool was Inoculated into gram Negative broth 
(BSL, Cockeysville, KD) supplemented with 0.1% PABA and 
0.1% PUB and directly onto S-S agar with supplements. 
After incubation overnight at 37 "C, subcultures were made 
onto supplemented S-G eger. To guantltate the shedding of 

30 vaccine strains, 1 g of stool was serially diluted 10-fold 
in saline and each dilution was plated onto 6-S eger 
supplemented as above. Suspicious colonies were 

transferred to triple sugar Iron agar slants and the 
Identity confirmed by agglutination with a. typhi O, R, and 

35 VI antlsera. 
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On days 7, 10, and 13 aftar vaccination, fasting 
voluntMrs swallowed gelatin capsules containing string 
devices to collect samples of bile -strained duodenal fluid. 
After 4 hours, the strings were removed end the color and 
S pH of the distal IS cm were recorded. Duodenal fluid was 
squeezed from the end of the string and cultured as above. 

Blood for culture of the vaccine organisms was 
systematically collected on days 4, 5, 7, 8, 10, 12, end 15 
after vaccination and again if fever occurred. Five ml of 

10 blood was Inoculated Into SO ml of supplemented ero broth. 

In addition, tonsillar cultures were obtained on 
days 1, 2, 4, 5, 7, 8, 10, 12 and 15 to detect the vaccine 
strain. Swabs applied to the tonsils were Inoculated Into 
Oram Negative broth with supplements for 24 hours and then 

15 onto supplemented salmonella -shigella agar. 

In order to determine the immunological response, 
the following procedures were followed. Serum samples were 
obtained before and on days 7, 21, 28, and 60 after 
vaccination. Jejunal fluids were collected before and on 

20 day 14 after vaccination, as described In Example 8. The 
total IgA content of the fluids were measured by ELISA and 
each specimen was standardized to contain 20 mg of IgA per 
100. Antibodies to 5. typhi lipopoly saccharide (LPS), H, 
and VI antigens were measured in serum and jejunal fluids. 

25 IgG antibody to LPS O antigen was detected by ELISA. 

A rise In net optical density 2 0.20 between pre- and post- 
vaccination sere tested at a 1:100 dilution was considered 
a significant rise. The positive control serum used with 
each mlcrotlter plate contained a high level of LPS O 

30 antibody and represented a pool of sera from 12 healthy 
Chileans who had strong IgG LPS O antibody responses after 
immunization with Ty21e vaccine. IgA antibody to LPS 0 
antigen was measured using two- fold dilutions of serum, 
starting with a 1:25 dilution. An IgA titer was considered 

35 significant if a 4-fold rise occurred between pre-and post- 
vaccination procedures. 
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Intestinal secretory IgA antibody to typhi LPS O 
antigen was also measured by ELISA. Four-fold rises were 
considered significant. 

In order to measure H antibody, H-d flagellar 
5 antigen was prepared from £. SXStii. strain 541 Ty. Serum 
and Jejunal fluid for H-d antibody was measured by ELISA. 
A 4- fold rise In titer was considered significant. 

The Wld&l tube agglutination test for H antibody was 
performed using Salmonella Virginia which shares the 

10 flagellar antigen d with £. typhi , but no other antigens. 

VI antibody was measured in serum and Jejunal fluid 
by ELISA; a 4 -fold rise was considered significant. 

Cut-derived, trafficking antibody secreting cells 
(ASC) that secrete IgG, IgA, or IgH antibody against £. 

15 ^ypbl 0, H, or VI antigens were measured by a modification 
of the method of Forrest et el. ((1988), Lancet 1:81) using 
both ELISA and ELI SPOT essays. Heperlnlsed blood was drawn 
before and on days 7 and 10 after vaccination. Briefly, 
peripheral blood lymphocytes separated by a Flooll gxadleat 

20 (Org&non Teknlke, Durham, KC) were added to antlgen-ooated 
plates . In the ELISA, binding of antibody secreted by 
lymphocytes was measured by the change in optical density 
produced by the reaction of the substrate with bound anti- 
IgA conjugate. Significant responses to LPS, H, and VI 

25 antigens were determined using the differences In O.D. 
pllus 3 S.D. generated from pre-lmmunisatlon and day 4 
cells taken from volunteers participating In these studies. 
In the ELI SPOT assay, specific IgA secreted by individual 
lymphocytes was detected by adding an agarose overlay to 

30 each well and counting colored spots produced by reaction 
of the substrate with bound ant-human IgA conjugate. 
Detection of £ 4 spots per well after vaccination was 
defined as a positive response; this number Is based on the 
mean number of spots counted before vaccination plus 2 S.D. 

35 The results obtained were the following. 
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The clinical signs and symptoms of volunteers after 
vaccination ware evaluated In a double-blind fashion. One 
of 12 volunteers who received strain %Z927 had fever. This 
volunteer developed fever with a maximum temperature of 
5 40. l'C on day 22 after vaccination. This volunteer had 
severe abdominal cramps, malaise, anorexia, headache, and 
vomiting on days 4-13, but his fever did not being until 
day 22. Bis symptoms then Included dizziness, muscle and 
body aches, constipation. Insomnia, and cough productive of 

10 brown sputum. Another volunteer In this group had malaise, 
cramps, headache, and nausea during the Inpatient 
surveillance period. 

The bacteriology studies showed that one of six 
volunteers who received 5 x 10* and one of six volunteers 

IS who received 5 x 10* cfu of x3927 had positive blood 
cultures. These occurred on days 15 and days 8 and 12, 
respectively. Neither of these volunteers had any 
symptoms. One of the 12 volunteers who received x3927 had 
one colony of vaccine organisms detected in the stool on 

20 day 1. None of these volunteers had positive tonsillar or 
duodenal string cultures. The X3917 Isolates recovered 
from the blood and the stool of volunteers retained all 
expected pheno types associated with the presence of Acvn 
Aero mutations. 

25 The Immunological studies show that six { 50% > of the 

12 vaccines who received X3927 developed Igo antl-£. yvphl 
LPS responses. No antibody to H antigen or VI were 
detected in any of the twelve volunteers. Only one of the 
twelve volunteers developed secretory IqA against LPS In 

30 the jejunal fluid. Secretory igA antibody responses to H 
antigen occurred in only one volunteer and no volunteer had 
secretory anti-Vi antibody after vaccination. Five of 12 
volunteers developed circulating cells secreting IgA 
against LPS detected by ELXSA or ELXSASPOT assay. 

35 The degree of attenuation conferred by deletions In 

the cyclic AMP regulatory pathway cannot be strictly 
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measured without simultaneous challenge of volunteers with 
mutant and parent strains. However, based on historical 
experience with volunteers given similar doses of wild type 
strains, it Is likely that the deletions confer attenuation 
5 to fi. ixshl. When wild-type £. tvjsbA strain Ty2 was fed to 
six volunteers at a dose of 1 x 10 7 without bicarbonate . 83% 
developed typhoid fever (defined as temperature 103 *F for 
>36 hours) or Infection (defined as low grade fever, 
significant serologic response, positive blood culture, or 

10 excretion of £. tYPhl for > 5 days. In contrast, among the 
12 volunteers reported herein who received the X3927 
vaccine derived from Ty2 at s dose of 10* or 10* cfu with 
bicarbonate (equivalent to a much higher dose without 
bicarbonate), fever occurred In only one volunteer and 

15 positive blood cultures in only two volunteers. Moreover, 
volunteers who had febrile illnesses did not have vaccine 
bacteria detected In their blood, despite additional blood 
cultures collected at the time of fever. It Is likely that 
fever occurred In response to the release of cytokines 

20 stimulated by the enteric Infection with the vaccine. 
E* prole IP. 

This example describes the construction and 
character! ret ion of Aero- 10 Acva-12 £. typhi constructs 
which contain a Acdt mutation. No have introduced n cva 

25 A ero mutations Into 8_. tvohl Ty2 (type El ) and £. ^yph^ 
XSP1820 (a Chilean epidemic type 46 Isolate). The former 
strain with Apy a-12 and Acrp-.fr 1, mutations has already been 
evaluated in human volunteers, described in Example 9. One 
of slo volunteers who received 5 x 10* cfu and one of sic 

30 volunteers who received 5 x 10* cfu of the Afrrp-'H A^TY'l? 
&• typhi strain, x3927, had positive blood cultures. These 
occurred on day IS end days 6 and 12, respectively. 
However, neither of these volunteers had any symptoms. 
Furthermore, not ell Immunized Individual developed hlgh- 

35 titer antibody responses to £. typhi antigens. Additional 
attenuating mutations which would permit higher oral doses 
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for Induction of protective immunity In the majority of 
those lmmunlred, are desirable. We have identified an 
additional gene defect that has been introduced into Acya 
Acr£ &. £xBhl strains that results In decreased virulence 
5 and should thus permit higher dosages. The defect is a 
deletion in a gene termed cd_£ for colonization of deep 
tissues. Strains with a Acjl£ mutation, in addition to Acva 
And Aero, nutations are also less able to survive in human 
serum than are strains with only acva Aero mutations. They 

10 should therefore be cleared more readily and would be less 
likely to induce vacclnemla. 
Strain construction 

The wild-type, virulent £. typhi Ty2 (Type El) and 
ISP1820 (Type 46) strains have been genetically nodi fled 

15 using classical genetics by similar methods described in 
Curtlss and Kelly ((1987), Infect, Xmmun. 55:3035-3043), 
and described in • Example 1. Salmonella tvphlwurlum 
deletion mutants lacking adenylate cyclase and cyclic AMP 
reoeptor protein are avlrulent and immunogenic • Infect. 

20 Inun. 55:3035-3043,(1). The strategy consists of 

facilitating transduction of deletions of crp-cdt 
(designated Acro-lO ) and cva genes that have been isolated 
and characterised In &. tYPftl»"uri,u»i SL1344 by placing the 
trans pooon TnlO. (encoding tetracycline resistance) nearby 

25 the EKB or CX0 deletion. He have therefore used rhc- 
143X : :Tnifi linked to Aero- 10 and Jj\ ^-f>? ,' :TnlQ linked to 
Acva- 12. respectively, and co transduced with P22HTinJt the 
linked traits Into the highly virulent £- typhi Ty2 and 
ISP1820 strains with selection for tetracycline resistance 

30 and screening for a maltose- negative phenotype. 

Transduction of the gene deletion with the linked 
transposon. was facilitated by first making a high- titer 
bacteriophage P22HTln£ lysate on an £. tvphlimirluia strain 
X3712 containing the Aero- 10 xhc-1431 : :TnlQ, mutations and 

35 another lysate on an fi. tvphimurlum strain X3711 containing 
the Acva- 12 zld-6 2,: :TnlO mutations. The resulting P22H Tint 



123 

lysates were then used to infect end transduce the genetic 
traits into the recipient fi. tvnhl Ty2 (x3769) and ISP1B20 
(X3744) strains at a multiplicity of Infection of 10. 

P22HTlni propagated on fi. tvohlwurlum X 3712 ( Acrp-10 
5 zhc-1431 ; :Tnlfl) was used to transduoe the virulent fi. typhi 
Ty2 end ISP1820 strains to Hal" Tef. The phaga-becteria 
Infection mixture was Incubated for 20 mln at 37 *C before 
100 /il samples were spread onto MacConkey agar (Difco 
Laboratories, Detroit, MI) containing 1% maltose (final 

lO concentration) supplemented with 12.5 fiQ tetracycllne/ml. 
After approximately 26-36 h incubation at 37 *C, 
transductante were picked and purified onto the same media. 
The resulting Ty2 derivative was designated x3792.and the 
ISP1820 derivative was designated x*324. Both have the 

15 genotype Acro^lQ Shc-1431 : iTnlfl. Strains X3792 and X4324 
were grown in Luria broth 1 ♦ 12.5 fig tetracycllne/ml and 
each were diluted 1:10 into buffered saline with gelatin 
(BSG). Samples of 100 fil of each strain were spread onto 
fusarlc acld-containlng (FA) media (Haloy and Hunn (1981); 

20 J. Bacterid. 145:1110-1112) and the plates incubated 
approximately 36 h at 37*C. Fusario acid -reels tan t 
colonies of each strain were picked Into 0.5 ml BSD and 
purified by streaking onto FA media. Purified fusario 
ecld-reslstant colonies were picked into Luria broth and 

25 grown at 37 *C to turbidity and checked for loss of TnlO 
(tetracycline sensitivity), complete LPS, VI antigen and 
a uxo trophy for erglnlne, cysteine and tryptophan. The new 
strains were designated x3803 (Ty2) and X4325 (ZSP1820) 
which have the genotype Aero- 10 At zhc-1431 ; :TnlQ1 . 



30 Luria broth contains 10 g of HaCl per liter whereas 
Lennox broth contains 5 g of HaCl per liter. It has been shown 
that SBlmgneUQ cells grown In high osmolarlty media display an 
Increased ability to Invade tissue culture cells (Gal an and 

Curtlss, Infect. ImauiQ. (1990) 5ft: 1879-1885* expression of 

flrfB"gn.fllln genes required for invasion is regulated by changes 
in DNA supercolllng). Therefore, the Increased KaCl level in 
Luria broth ensures optimal effectiveness of the vaccina strain. 
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Since the phono type of Cya* and CrpVCdf mutants are 
the bom (Hal~, Btl\ Wtl", etc.), tno pleemld, pSDUO, 
carrying the cloned wild -typo cro * gene with its promoter 
(Schroeder and Dobrogos* (1966), J. Bacterlol. 167:616- 
5 622.) was used to temporarily complement the Acrp mu tat Ion 
In the chraosoM (thus restoring tha strain to the wild- 
typa phanotypa) and enabling tha Identification of strains 
with tha Acy_a mutation after transduction. Lurla broth 
cultures of X3803 and x*325 were transduced with P22HT lnt 

10 propagated en fi. typhlpmrlum x 3670 * which contains the 
plasmld pSDUO. Selection wee made on MacConkoy agar ♦ 1% 
ultose ♦ 100 ftg amplcillin/ml. After 26 h, an amplclllin- 
resistant, Mai* colony of each strain was picked and 
purified on HacConkey agar ♦ 1% maltose agar and designated 

IS X3624 (Ty2) and x«331 (ISP1820) which have tha genotype 
Acn>- 10 f zhc-1431 : :T nj.01 pSDUO*. 

Strains x3824 and X4331 vera grown In I broth ♦ 1O0 
ftg ampiclllln/ml and ware each independently transduced 
with P22HT lnt propagated on x3712 to Introduce the A cya-12 

20 and the linked yid-62, : :TnlO nutations. Selection for a 
maltose negative, tetracycline resistance, amplclllln 
resistance phenotype was made on HacConkey agar ♦ 1% 
maltose ♦ 1O0 ftg ampiclllln/ml ♦ 12.5 ftg tetrecycllne/nl. 
Ample! 11 in- real stent (pSDUO*), tetracycline -res 1st ant 

25 ( xlfl-62 : : Tnlfi ) . Hal' ( Acva l colonies were picked and 
purified onto HacConkey agar ♦ 1% maltose + 100 ftg 
aaplclll in/ml ♦ 12.5 ftg tetracyc line/ml . Purified colonies 
were picked into Lurla broth, grown to turbidity and the 
strains checked for complete LPS, Vi antigen and auxotrephy 

30 for arginine, cysteine and tryptophan. Isolates of the \ 
correct phenotype were designated %3919 (Ty2 ) and x^340 f 
(ISP1B20) which have the genotype AcrolO Af ghc-1431 : :TnlQ1 
pSDUO* Acva-12 Kld-6? : :TnlQ. Cultures of X3919 and X4340 
were grown in L broth ♦ 100 ftg amplclllln/ml + 12.5 ftg 

35 tetrecycllne/ml to turbidity, diluted 1:10 Into BSD, and 
100 ft\ samples of each culture spread onto fusario- 
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containing media and incubated approximately 36 h at 37"C. 
Fusarlo acid-resistant colonies of each strain were picked 
and purified onto FA media. Purified FA-resletant colonies 
were picked Into Lurla broth, grown- to turbidity and then 
5 checked for loss of TnJJJ (tetracycline sensitivity), 
complete LPS, VI antigen and auxotrephy for arginine, 
cysteine and tryptophan. Tha pSPHO plasmld was 

spontaneously lost during growth of the strains In the 
absence of amplclllln. The final strains which were 

10 amplclllln- sensitive and plasmld-free ware designated x3?24 
(Ty2) and x«45 (ISP1820) which have the genotype Acro-10 
Af rhc-1431 i :Tnl01 Acva- 12, Af zid-62 : :Tnl01 . Since synthesis 
of f lagella with display of motility is partially dependent 
upon functional cva and crp genes and since flegella are 

IS Important antigens, we selected derivatives of X3924 and 
X4346 that poaeess a suppressor mutation ( cf a > that permits 
flagella synthesis and function to be Independent of the 
cya and crp gene functions. x*073 was selected as a 
flagella -positive derivative of *3924, and x*346 was 

20 selected as a flagella-positlve derivative of x<345. Table 
3 lists the wild- type parent strains and their A cva Aero 
derivatives. 

Strains X4073 and x<346 can easily be distinguished 
from their wild- type parents by the following phenotypic 
25 characteristics: the Inability to ferment or grow on the 
carbon sources maltose, mannitol, sorbitol, mellblose and 
xylose, inability to produce H,S, Increased generation time, 
and the significantly Increased murine LD H values. 

Table 10 

30 Bacterial Strains 

X3769, £. typhi Ty2 
Type El, wild type, Vi*. 

Received from L. Baron, Walter Reed Army institute 
of Research, Washington, DC. as Ty2. 
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X4073 fi. tvnhi Ty2 

A fTTP-lP f rhc-1431 ; .-TnlOl Acva-12 Ar eld-62 : iTnlOl ; 
Crp* Cdt" Cya* Arg* derivative of X3769. 

X3744 fi. XXBhL IGP1820 
5 Type 46, wild type, VI*. 

Received from K. La vine. Canter for Vaoci.no 
Devel o pm en t, Baltimore, HD, as ISP1820. 19 S3 isolate froa 
a Chilean patient. 

X4346 £. tvnhi ZSP1820 
10 AfTTP-ip Af ghc-1431 : :Tnl01 Aova-12 AT rld-62 : : TnlQI t 

Crp" Cdt* Cya* Arg" derivative of %37*4. 

growth pondmonB for x3744. x3?69. y4Q73 and T4346 

Col la of each strain were picked from agar medium 
Into 2 ml Luria broth. Cultures were Incubated es static 

15 cultures at 37 *C for approximately 14 h. When the cultures 
were visibly turbid (OD^* z 0.5), a loopful of each culture 
was streaked for Isolated colonies on the nedla listed in 
Table 11 to verify sou of the phono typio properties. 
Cultures were also tested for sensitivity to phages, 

20 antibiotic susceptibility, ability to produce wild-type 
LPS. a uxo trophy, notlllty, inability to produce colicins, 
absence of plasmid DMA, mean generation tine, and 
agglutination by an ti sera to Identify the O, H and VI 
antigen of £. typhi (see Table 11). The phenotyplo 

25 properties of all strains were as expected with the Acva 
AffXIl strains X4346 and X4073 growing significantly more 
slowly than their wild- type parents. 

Table 11 

Phenotypic char acteri ration of fi. typhi wild-type 
3D and A^n-ft-lfr Aj Tf!l-12 strains 

Phenotvpe 

*3744 *4346 *3769 *4073 
HacConkey Base Agar + * 

1% maltose ♦ ♦ 
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Table 11 (cont'd) 
1% sorbitol 
1% mannltol 
1% mellbiose 
1% rhamnose 
1% citrate 
1% arablnoee 
1% nannoae 
1% xylose 
1% glucose 

Minimal agar* ■*■ 

0.5% glucose 
0.5* sorbitol 
0.5% aannitol 
0.5% nellbiose 
0.5% rhamnose 
0.5% citrate 
0.5% arablnose 
0.5% mannoae 

U.51 vyiofla 



1 media recipe attached; supplements include L- arg i nine 
KC1 22 pg/t*l, L-cystelnes HC1 22 /jg/el, L-tryptophan 20 
fig/ml. 

PhcnqtYPc 

25 y3744 xAaifi *3769 XlflZl 

Triple Sugar Iron media - HjS 
production 
alkaline slant - 

30 

Indole fermentation assay 
Bacteriophage sensitivity 

VIII 

Pells-O 
35 p22HTXn$ 



♦ 




■♦ 




Lac' 


LaC 


LaC 


LoC 


Clu* 


Clu* 


Olu* 


Gtu* 


Sue' 


Sue" 


Sue" 


ac 


8 


8 


8 


s 


8 


S 


8 


s 


8 


8 


8 


8 
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Table 11 (cont'd) 
P1L4 



KB1 



5 LPS prof lis by EDS -PAGE (silver 
•tain) (Comp, - complete) 
Motility — 



Colicln<2 ) production 



soft agar overlay 
- sensitive; R - 



* phage sensitivity was essayed by 
10 technique of by transduction. S 

resistant. 

• Motility determined by a tabbing a loopful of a standing- 
overnight Lurla broth culture Into media containing 1.0% 
casein, 0.5% NaCl, 0.5% Difco agar and SO jig/ag triphenyl- 

15 tetraxolsua chloride; Incubation at 37 'C and motility 
recorded at 24 and 48 h. 

FhcnPtYPfl 

*3744 -r376Q Y4073 

MOT* 26.6 26.6 26.6 26.6 



Plasmld content 


none 


none 


none 


none 


Auxotrophy 


Cys- 


Cys* 


Cys* 


Cys* 




Trp* 


Trp* 


Trp* 


Trp* 




Arg* 


Arg* 


Arg* 


Arg* 


KIC r 










Tetracycline 


4 


4 


<2 


4 


Streptomycin 


64 


64 


16 


e 


Amplclllln 


<2 


<2 


<2 


<2 


Genteslcln 


<2 


<2 


<2 


<2 


Chloramphenicol 


4 


4 


4 


4 


Neomycin 


<2 


<2 


<2 


<2 


Rifamplcln 


8 


16 


B 


8 


Nalidixic acid 


<2 


4 


<2 


4 






-M 




rfr- 


Kanamycln 


<2 


<2 . 


<2 


<2 
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Table ll(cont'd) 

• Mean Generation Time {mln. ) - determined in Lurla broth 
with aeration (150 zpn New Brunswick platform shaker) et 
37*C. 

5 * Minimal Inhibitory Concentrations (fig /ml) of antibiotics 
were determined by streaking standing-overnight cultures of 
eech strain onto agar containing defined concentrations of 
antibiotics. 

Phenotvpe 

10 V3744 Y4346 *3769 -y4073 

Agglutination with Difco antlsera to: 

flagellar antigen H:l ♦ * ♦ * 

flagellar antigen H:2 ♦ ♦ ♦ ♦ 

Group D factor 9 ♦ ♦ ♦ ♦ 

15 Group D factor 12 + + ♦ + 

Group O (0-1,9,12) " ♦ ♦ ♦ * 

Growth characterlBtlcH an aoar nadl* 

Strains were grown In Lurla broth es standing- 
overnight cultures at 37 *C, diluted In buffered saline and 

20 gelatin (BSG) and plated on MacConkey agar containing 1% 
maltose to achieve Isolated colony- forming units (cfu). 
All colonies of a given strain appear uniform In size and 
color. Due to the slower growth rates of Acva era strains 
compared to their wild-type parents, growth on MacConkey 

25 medio takes -36_ h at 37 *C before colonies of %4073 and 
X4346 are easily visible. 
Stability of mutan t phenotvpea 

Fifty- fold concentrated cultures end various 
dilutions (- 10', 10\ 10*, 10* cfu/plate) of x4073 and X*346 

30 were plated on minimal agar media (supplemented with 22 MfJ 
L-arglnlne/ml, 22 ftQ L-cysteine/ml end 20 /ig L- 
tryptophan/ml ) containing either 0.5% maltose, mellblose, 
xylose, glycerol, or rhaamoae that should not support their 
growth. One set of duplicate plates were UV- Irradiated (5 

35 Joules/meter* /sec) and Incubated at 37 *C in the dark. The 
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other set was Incubated at 37 *C with illumination. No 
revertants and/or mutants vara detected attar a '48 h growth 
period. 

Stprane of atraln» 
5 Bach at rain was maintained in a 1% peptone -5% 

glycerol suspension end stored at -70*C. 
Preparation of inoculum for ftntmal MDerlnentation 

The following la a standardized pro t o co l for growth 
end suspension of each vaccine strain and its parent for 

10 intraperitoneal (l.p.) inoculation of nice. 

Female CFW mice (18-29 g) (Charles River, Wllaingon, 
MA) were used for determining LO M values of wild-type £. 
typhi and virulence of the ^CW-jQ Vryfl-12 derivatives. 
Static overnight cultures ( 37 *C ) were diluted 1 : 20 into 

IS prewarmed Lurla broth and aerated (150 rpm) at 37*C until 
an ODmo of s 0.08 was reached. Wild-type and Acro-10 Acva- 
12 £• typhi cells were suspended in 15* (wt/vol) hog 
gastric mucin (American Laboratories, Omaha, NB). The 15% 
mucin suspension was prepared by neutralising to pH 7, 

20 autoclavlng 10 mln at 121*F at 15 p.s.i., and 3 fiQ °* 
freshly prepared sterile ferric ammonium cltrate/ml (Sigma, 
St. Louis, HO) was added prior to adding appropriately 
dilutad g. typhi cells. The cell suspensions were then 
administered l.p. to CFW mice through a 23-gauge needle In 

25 500 pi volumes. LO M values of the wild-type parents and 
the Aero- 10 acre -12 derivatives were determined after 
recording mortality data for 72 h. See Table 12 for 
results on virulence of 2- typhi mutants relative to wild- 
type parents. 
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Table 12. Virulence of I6P1820 and Ty2 £. typhi wild-type 
end Acyp-H 'Vrro-lg strains 



Strain 


No. Genotype 


cru 




X3744 


ISP1B20 wild type 


32 




X4299 


Acro-11 Arzhc-1431; iTnlOl 


<600 




X4300 


Acro-11 ftha-U31nTnlOV 


107 






PSDIIO** 






X4323 


^rp-ll Afzhc-1431: :Tnlfi] 


>2.B 


x 10' 




AsxalZ A[zld-62: :Tnl0_] 






X4325 


Acro-10 Arzhc-1431: iTn-lOl 


>3.2 


x lO' 


X4331 


Aero-10 Arrhe-1431 • :T«10W 


>2.3 


x 10* 




pSDUO* 






X4346 


Afrrrt-in ATzhC-1431 ! iTnlOl 


4.4 a 


10* 




Aqva-12 Artld-62,; :Tnl0J 






X3769 


Ty2 wild type 


54 




X3878 


AcrOrH Afzhc-1431; :TnlQ] 


1.0 a 


10* 


X3880 


Acrp-11 Arzhc-1431 1 ;Tnlfll 


<19 






pSDUO* 






X3927 


Act-p-11 Arzhc-1431 iiTwlQI 


1.1 X 


10* 




Acyo-12 Afxid-62: :TnlfiJ 






X3803 


Aero-IQ Arzhc-1431 : :TiMOi 


1.5 x 


10* 


X3824 


Acrp-1Q A[zho-1431i :TniQ]/ 


>1.9 


x 10* 




pSDUO* 






X4073 


Acro-10 Arzhc-1431 ..Tnlftl 


>1.0 


x 10* 




Acya-12 A[zld-62: :Tnl01 







1 LO M calculated by method of Reed and Muench (1938. Am. J. 
Hyg. 22:493-497. ) Morbidity and mortality data collected 
over e 72 h period. 



30 * pSDUO (Sehroeder, C.J., and W.J. Oobrogosz. 1986. J. 
Bactarlol. 162:616-622 la a pBR322 derivative containing 
the wild-type cm* gene and its promoter from fi. 
tvphlmurlum. Previous virulence assays have shown this 
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plasaid to complement: o CXB mutation in fi- choleraeaula . g. 
I tYPhlmurlw and 5- tyq hl and restore virulence to wild-type 
levels. 

HOfflFOUfln Cftll CUlturo aahcranea and inYBllon ataava 
5 Data on the ability of Aero- 10 Acva-12 and Acre-;!, 

ACYflr.lZ strain* to adhere to and invade CKO calls as 
compared to the wild -typo parent • trains are presented in 
Table 13. The £• ^YCbl mutants show a reduced capability 
to adhere to end/or Invade monolayers to CHO cella over a 
10 2-h and 4-h period, respectively, at 37 "C as compared to 
the wild- type parent strains. 



Table 13. Adhez-ence and invasion of CHO cell monolayers by 
£• trvnhi wild-type and Acra A cva strains 



IS 



Strain 




Percent 


Percent 


No. 


Genotype 


adherence 1 


invasion 1 


X3744 


wild type 


43.5-6.5 


34.2-6.3 


X4323 


Acre- 11 Arxhc-1431 : :TnJOJ 


20.6-1.6 


8. 3-0. 4 




Acva-12 Afgid-62: iTnlOJ 






X4346 


Acrp-10 A[zhc-H31::Tnifl] 


8.3-0.7 


5.3-2.2 




Acva-12 Af tid-62: :TnlQ7 







* Percentage of Inoculum adhered to cells after Incubation 
for 2 h. 

■ Percentage of Inoculua recovered from CHO cells 2 h after 

Incubation in 10O fig gentamlcln/nl . 
25 Values are mean - SD of triplicate samples. 

growth nnfl nfiralBtence of mutants in nor m al human sera aw 

compared to wild-tv**. M r-^n^ n 

Growth curves were performed in normal human sera 

that has previously been adsorbed with wild -type 2* tvohi . 
30 Approximately 10* cfu of fi. tynhj. Acva Acre and wild- type 

strains were added to each ml of sera that had been 

equilibrated with HEPES at 37 'C In a 5% CO 3 chamber. 
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Complement -mediated bacteriolysis activity was verified by 
inactivating sera at 60* C for 10 nln and checking growth of 
E. colt K-12 after 60 nln. In normal sera, fi. coll K-12 
cells were killed in sera after 60 mln. 
5 More specifically, %3744 (ISP1820, wild type), x3769 

(Ty2, wild type), X 4073 (Ty2 Acva-12 Afcrt>-cv»C1 - 1Q 1- 
X4346 (ISP1829 Acva-12 Arcrp-cvBC - 1Q 1. end X2B9 (fi. coll 
*-12 ) were grown In Lurla broth as standing overnight 
cultures at 37 *C. Human serum was adsorbed with the 

10 homologous wild-type £. typhi Ty2 and ISP 1820 strains 
X3769 and *3744. respectively, buffered with 20 nM HBPBS 
and Incubated in a 5 CO, atmosphere for assays. The £. eoJLl 
ZziZ X289 strain represented a positive control for 
complement mediated bacteriolysis and the same strain when 

15 grown In heat -inactivated serum served as the negative 
control as Is evident by net growth. 

Example \l 

This example describes the preparation, expression 
and Immunogenic! ty of Internally fused DHA constructs 

20 comprised of hybrid HBeto/ Plaanedlum clrcuasporosolte (CS) 
repeat sequences In Salmonella. 

The hybrid HBc/CS genes were constructed by 
Insertion of synthetic oligonucleotides into the Hpal and 
Xbal sites of the HBcAg gene which was Inserted in the 

25 prokaryotlc expression vector pKS14PS2 which la described 
In Schodel et al.. Vaccines 91, 319-325 (1991). The 
Insertion site is an Internal position of the HBc molecule 
which is surface accessible and highly immunogenic for 
inserted heterologous epitopes. The structure of the HBc- 

30 CS Inserts and the location of the CS repeats for £. 
falciparum , and £. bergh ej, In pC75CS2 and PC7SCS1 are shown 
in Figure 2. The amino acid sequence positions of the HBc- 
CS gene expression products are Indicated starting with the 
HBcAg methionine. The CS repeat sequences derived from the 

35 £. berohei and £. falciparum circumsporozolte proteins are 
Indicated In the single letter amino acid code. A sequence 
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derived from the hepatitis B virus pre-S2 sequence Is fused 
to the C-termlnus of the expression products (Schodel et 
el., J. Virol. 66:106-114, 1992). The oligonucleotide 
sequences used for construction of pC75CSl which contains 
5 the [(DP, KPN), J repeat sequence of £. bcrohci and pC75C2S 
which contains the {(KAKP)J repeat saquence of £. 
falciparum are set forth below: 

(NANP) 4 1:5* -AAC CCT AAC CCO AAT OCT AAC CCG AAC CCT AAC CCG 
AAC CCT AAC CCO- 3 ' (SBQ ID NO 1 )» 

10 (KANF) 4 2:5'-CTA GAC GOO TTA CCG TTC GOG TTA CCC TTC CCC TTA 
GCA TTC GOG TTA CCC TT3 * (SEO ID NO 2); 

(DF 4 NPN), 1:5* -GAC CCG CCG CCG CCG AAC CCG AAC GAC CCG CCG 
CCG CCG AAC CCG AAC T - 3' (SEO IS NO 3); 

(DP 4 NPN) t 2:5'-CTA GAG TTC GGG TTC CCC GGC CCC CCC TCC TTC 

IS GGG TTC GGC GGC GGC CCG TC-3* (SBQ ID NO 4). 

Ollgonudiotldes <NANP) 4 1 and (NANP) 4 2 are 
complementary and Include e Xbal sticky end for Insertion 
and ligation. Similarly, oligonucleotides (DP 4 NPN) a l and 
(DF 4 NPN) 1 2 are complimentary end Include a xbal sticky end 

20 for Insertion and ligation. The complementary 

oligonucleotides were annealed prior to Insertion Into the 
vectors. Sequences of the vectors were verified by dideoxy 
DMA sequencing and the expression products verified by 
Incubation with a polyclonal souse serve directed against 

25 £. berqheA CS (anti-P.B.) (provided by Dr. Den Gordon), e 
monoclonal antibody directed against the E. falciparum CS 
repeat region (antl-P.r. ) (F2A10, provided by Dr. B. Wirts) 
and a Monoclonal antibody against hepatitis B virus pre-S2 
(entl-pre-S2) (448 provided by H. Hayumi). Bound 

30 antibodies were visualized on X-ray film using goat anti- 
mouse IgG (H+L) KRPO (Col tag. South San Francisco, CA) and 
enhanced chemilumlnescence ( ECL, Araersham). 
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The expression vectors pC7SCSl and pC75CS2 were 
purified froB their £. coll hosts end moved Into avlrulent 
neva. AcTfi fi. tvphlaurltm x*064. Synthesis . of the hybrid 
HBc/CS genes in Salmonella tvphlmurlum x*064 was verified 
by Western blotting, as shown In Figure 9. 

The HBc/CS hybrid gene region has also been Inserted 
Into vectors pTBC75CSl, pYNC75CSl and pYNC75CS2. Plasmld 
naps of PTBC7SCS1 and pTBC75CS2 ere provided In Figure 10 
end Figure 11, respectively. Plaamld pYBC64CSl is obtained 
by llgatlng the 388 bp Pstl-Hlndlll fragment of pC75CSl 
Into the Pot I -Hindi I I sites of pYA3167. Plasmld PYBC75CS2 
Is obtained in a slnllar manner by llgatlng the 388 bp 
Pstl-Hlndlll fragment of pC75CS2 into the Petl-HlndXIZ 
sites of pYA3167. 

The characteristics of these strains are set forth 

below: 

X«550(pYNC75CSl) fi. tvphlnurlun Acn>-1 Acva-1 AaadAl with 
pi 5a -based HBc/CS from £. bergheX Asd* 



X4550(pYNC75CS2) fi. tvphiwurlum Acro-1 Acva-1 AaaaAl with 
plSa-based HBc/CS from £. falciparum Asd* 
vector 

'X4S50(pYBC7SCS2) fi. tvohlnturlum Acrp-^ Acvo-1 oasdAl with 
pBR-based HBc/CS from E- falciparum Asd* 
vector 

X4064(pC75CS2) fi. tvphlmuriua Acrn-1 Acva-1 with HBc/CS 

from £. falciparum 

The lmaunogenlclty of x«064 (pC75CSl) and %4064 (pC75CS2) 
were tested by lmmunlxing female BALB/c mice orally once 
with approximately 2 x 10" cfu recombinant fi. typhi murium 
vaccine strains as Indicated In Table 14 (cfu were 
determined by pletlng of the serially diluted vaccine 
inoculum on LB agar plates). Pooled sere of five 
animals/group taken six weeks after Immunization were 
analyzed for IgG entlbodles reactive with a synthetic CS 
repeat peptide Leu-Arg-( NANP)„ and fi. trvphlmui-1^ LPS 



WO 94/Z4Z91 



PCT/USWQ416S 



136 

(Cigna) as solid phase reagents by ELZSA. Reciprocal serum 
dilutions yielding an OD, M of 3X that of pre-iraun© sera are 
Indicated as titers. 
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TAB LB 14 

TITER (1/) 

IMHUNOCBN DOSE <CFU> LPS HANP 

X4064(pC75CS2) 2.7 x 10 f 51,200 51,200 

5 X«50<pYHC75CS2) i. 2 x 10* 25,600 25,600 

X4S50(pTBC75CS2) 2.6 x 10* 6,400 25.60O 

X4550(pTTBC75CSl) 1.9 x 10* 25,600 <100 

As shown in Table 14, a single oral immunization 
with X4064 (pC75CS2) or x*S50 (pYNC7SCS2 or pYBC7SCS2) 

10 elicited high tltered antl-£. falciparum C£ antibodies and 
immunization with X4550 (pYBC75CSl) elicited virtually no 
anti-P.. falciparum CS antibodies and served as a negative 
control. As BALB/c mice are non- responds rs to CS on a T- 
cell level, this data implies that non-responsiveness due 

15 to KMC restriction can be overcome by using HBcAg core as 
a carrier moiety when expressed by Salmonella. 
Protection against P. barahai ehMi^» 

Mice immunised with x4064(pC75CSl ) were analyzed for 
protection against malarial infections. Control group mice 

20 immunized with x«064(pC75CS2) or x4064(pNS27-53PS2) , and 
mice immunized with %4064 (pC75CSl) were Infected with E» 
P0Xfluttl» For that purpose. Anopheles Stephens! mosqultos 
were Infected with £. berohel AHKA by feeding on Infected 
mice. Midgut oocyst and salivary gland sporoxolte rates 

25 were determined to monitor mosquito infections. Mosqultos 
used for this challenge had a salivary gland sporoxolte 
infection rate of 80% (day 20). 

Mice were anesthetized by Injection of 
RompuntKetamlne and placed on a holding platform after 

30 auiuuAiiuaiuiy J unuuiui. iim muuiu taiiL wmu ibiu un tu;i 
of a screened mosquito container. Mosquitoes were 
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permitted to feed on e tail until blood was observed In the 
gut of S mosquitoes. 

Mica were checked for £. berohel Infections after 
challenge by examination of Celesta-stained thin smear tall 
5 bleeds. A sinlaua of 25 field a per elide <400x) were 
examined before a mouse was determined negative for 
infection. Mice were aacrlfled after 2 consecutive blood 
smears were obtained. 

Four out of five mice orally Imnunlxed with 

10 x*064(pC75CSl ) were protected against £. berohel challenge 
(table 15). In the oontrol groups immunised with 
X4064(pC75CS2) or x4064(pNS27-S3PS2 ) , both of which express 
P, falciparum epitopes, four out of five mice developed a 
parasltaemla when challenged with £. berohel . Those 

15 oontrol animals had been immunised with recombinant 
Salmonella tvohlwurlum which were Identical to 
X4064(pC75CSl> with the exception of the CS specific 
epitope. It is therefore reasonable to assume that the 
higher protection observed in animals Immunised with 

20 x4064(pC73CSl) was due to Immunity induced by the CS repeat 
epitope of Ex. berohel . immunisation with recombinant £.. 
tY phlinurflym by Itself may provide a low level of 
nonspecific protection, which might explain why one out of 
five animals In the control group was protected. 

25 Historically, this route of challenge has repeatedly 
resulted In a 100% Infection take. 

Table IS 



Imminogen Serum IgG Infected/Challenged 

PB CS PF CS 

X4064(pC75CSl) ♦ - 1/5 

X4064(pC75CS2) - ♦ 4/5 

X4064(pNS25-53PS2) # 4/5 
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This example llluetretes how the pYBC75CS2 vector 
was moved into a fi. typhi strain. 

A 5 ml static 37 'C overnight Lurle broth culture of 
fi. typhi X4632 f A ero- 10 Acva-12 AaadAl ) was concentrated by 
S oentr i f ugatlon and the pellet washed once with 100 pi cold 
lmH BSPBS. The cell pellet was resuspended and washed 
twice with cold 10% glycerol to a final volume of 40 ul. 
Plasmld DMA was purified from fi. tvphlmurlim X4550 using 
the Magic ninlpreps DMA purification system by Promega. 
10 Five microliters of purified DMA was mixed with 40 ul of 
cold competent cells of x4632 and placed In cold 0.2 cm 
cuvette. Elect rot rone format ion was performed at 4*C. The 
Gene Pulser apparatus was set at 25 uP and the Pulse 
Controller set ot 200 ohms (Bio- Rod, Richmond, CA). The 
15 sample was pulsed for 5 msec. Immediately following the 
pulse, the sample was washed form the cuvette with 1 ml 
Luris broth and plaoed in a 13 x 100 mm boroslllcate tube 
end 100 ul plated and spread directly onto HacConkey agar 
supplemented with 1% maltose. The 1 ml Lurle broth 
20 eleetrotransformatlon mixture was Incubated as a static 
overnight at 37 "C end kept as a backup in case the initial 
plating immediately after pulsing didn't yield any 
electrotraneforments. Three maltose -negative, Asd-positlve 
colonies of X4632 (pYBC75CS2) were picked and rent rooked on 
25 fresh HocConkey ♦ maltose media and incubated 37 "C 
overnight. Several colonies of each of the three 
electrotrans ferments were checked and the VI antigen 
confirmed by agglutination with antlsera to VI antigen 
(Dlfco, Detroit. HI). Llpopolysaccharlde was analysed by 
30 the methods of Hitchcock and Brown J. Bacterid. 154:269-277 
( 19 S3) and Tsal and Preach Anal. Blochem. 58:3084-3092 
(1982), All three showed LPS profiles the same as the 
wild- type parent Ty2. 

The three Independent electrotransformants of X4632 
35 (pYBC7SCS2) were grown in Lurla broth 37 *C as aerated 
overnight cultures. The cells were prepared for protein 
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analysis and subsequent Western blotting by boiling 1 oil of 
each culture for 5 minutes In 2X SDS/bromophenol blue with 
B-mercaptoethanol. After centrif ligation for 2 minutes, two 
eaaples of ten Microliters of each sample were 
5 electrophoresed each in two 12.5% polyscrylamlde separating 
gala at 200V for one hour. One gel was stained with 
Coomassie brilliant blue stain (0.1%) to visualise total 
protein and the other gel was used to electrotransfer the 
proteins to a nitrocellulose filter. A Western blotting 
10 analysis with ant i sera to the CS2 protein confined large 
quantities of the clrcuuporoxoltt protein was expressed by 
each of the three Independent electrotransformants of 
X 4632. 

Deposits of Strains. The following listed materials 

15 are on deposit under the teres of the Budapest Treaty, with 
the American Type Culture Collection. 12301 Paxklawn Drive, 
Roclcvllle, Maryland. The accession nunber Indicated was 
es signed after successful viability testing, ' end the 
requisite fees were paid. Access to said cultures will be 

20 evellable during pendency of the patent eppllcatlon to one 
determined by the Commissioner to be entitled thereto under 
37 CFR 1.14 and 35 USC 122. All restriction on 
availability of said cultures to the public will be 
Irrevocably removed upon the granting of a patent based 

25 upon the application. Moreover, the designated deposits 
will be maintained for a period of thirty (30) years from 
the date of deposit, or for five (5) years after the last 
request for the deposit, or for the enforceable life of the 
U.S. patent, whichever Is longer. Should a culture become 

30 nonviable or be inadvertently destroyed, or. In the case of 
plasmld -containing strains, lose Its plasmid, it will be 
replaced with a viable cultural s) of the same taxonomle 
description. The deposited materials mentioned herein are 
Intended for convenience only, and are npt required to 

35 practice the present Invention In view of the description 
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herein, and In addition, these 

herein by reference. 

Strain 

X3958 
5 55224 

X4323 

55115 

X3926 

55112 
10 X3927 

55117 

X«97 

55111 

X4346 
15 55113 

X3940 

55119 

X4073 

55248 
20 ISP2822 

55114 

18P1820 

55116 

X4417 
25 55249 

X«435 

55250 

X4064 (PNS27-53PS2) 
68959 

30 fi. tvnhlmurlum SR-11 

X4632 (PYBC75CS2) 
69278 

X4550 (PYBC75CB1) 
69279 



materials are incorporated 



Deposit PateATCC Ho. 
November 2, 1990 



November 2, 1990 

November 2, 1990 

November 2, 1990 

November 2, 1990 

November 2, 1990 

November 2, 1990 

6, 1991 

2, 1990 

November 2, 1990 



April 9, 1992 
April 9, 1993 
April 9, 1993 
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What is claimed is: 

1. A composition comprised of live avlrulent 
Salmonella that express at lM*t one recombinant Imunogenlo 
antigenic determinant, the antigenic determinant being 
fused to e Hepatitis B virus core antigen and heterologous 
thereto. 

2. The composition of cleim 1 wherein the antigenic 
determinant Is from a Plasmodium species. 

3. The composition of claim 2 wherein the plasmodial 
antigenic determinant Is selected from p. falciparum or P. 
barghei. 

«. The composition of claim 3 wherein the plasmodial 
antigenic determinant encodes e repeat sequence from the 
clrcumsporoxolte protein of P. falciparum or P. berghal. 

5. The composition of claim « wherein the antigenic 
determinants are selected from amino acids represented by 
the nucleotide sequences set forth In SCO ID NO 1 or SEQ ID 
NO 2. 

6. The composition of claim 2 wherein the plasmodial 
antigenic determinant Is fused at an Internal position In 
the HBV core protein. 

7. The composition of claim 6 wherein the plasmodial 
antigenic determinant Is inserted between a first HBV core 
protein nucleotide fragment coding for amino sclds 1-75 and 
a second HBV core protein protein nucleotide f regment 
coding for amino acids 81-156. 

8. The composition of claim 1 wherein the Salmonella 
Is S. typhi and the Immunogenic antigenic determinant Is 
from P. falciparum. 
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9. The composition of claim B wherein the Salmonella 
Is a cya crp asd mutant and the antigenic determinant is 
encoded on a vector encoding Asd. 

10. The composition of claim 6 wherein the 
Salmonella is a cya crp mutant. 

11 • **» Ismnmogenlc composition comprised of live 

avlrulent Salmonella that express at least one recombinant 
Immunogenic epitope wherein the Immunogenic epitope Is 
expressed as a hybrid protein with a region encoding 
Hepatitis B virus core protein to yield a polypeptide that 
forms a particle and wherein the immunogenic epitope Is 
heterologous with respect to the Hepatitis B virus. 

12 ' The Immunogenic composition of claim 11 

wherein the Immunogenic epitope Is from a Plasmodium 



13. A method of preparing a vaccine comprising 
providing a composition comprised of live avlrulent 
Salmonella that express at least one recombinant Immuno- 
genic epitope Inserted In a Hepatitis B virus core protein, 
and mixing the composition with a suitable exclplent. 

14. The method of claim 13 wherein the 
immunogenic epitope Is from a Plasmodium species. 

15. A vaccine comprising live avlrulent 
Salmonella that express at lsast one recombinant Imunogenlo 
antigenic determinant, the antigenic determinant being 
fused to a Hepatitis B virus core antigen and heterologous 
thereto, and a suitable exclplent. 

16 . The vaccine of claim 16 wherein the 
lnaunogenlc epitope is from a Plasmodium species. 
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<KAMP>4 1:F-AAC GCT AAC COG AAT GCT AAC CCG AAC GCT AAC CCG AAC 
GCT AAC CCG -3" 

<MANP) 4 2: ff; - CTA GAG GGG TTA GOG TIC GGG TTA GOGTTC GGG TTA GCATTC 
GGG TTA GOG TT 3" 

(0P 4 NPN) 2 1 : 5*- 6AC CCG COG CCG CCG AAC CCG AAC GAC COG CCG CCG 
CCG AAC CCG AAC T - 3* 

(OP 4 KPN>2 2:£"-CTA GAG TTC GGG TTC GGC GGC GGC GGG TCG TTC GGG TTC 
GGC GGC GGC GGG TC -3* 



Figure 1 



SUBSTITUTE SHEET (WILE 26) 



PCT/USM/Mltt 




SUBSTITUTE SHEET (Hlflf 26i 





WOM/M291 



PCTAJ5M/041M 



U 
CD 




CO CM 



nHonvioio^ooi 



SHBSUIIJIE SHEET (K/LE2S) 



FCT/US94/MM8 



Figure 4 



LOG 10 TOTAL CFU 




% S£ co 



SUBSTITUTE SHEET (RMI 26) 



W0f4O42»l 



PCT/USM7041S8 




i 



SUBSITTUTE SHEET (RULE 26) 



6/11 



123456789 10 




Figure 6 



SUBSTITUTE SHEET (RULE 26) 



WO M/XC91 



7/11 



FCT7US94/MJ6a 



kOo 
200 

97.4 

69 ■ 

46 ■ 

30- 



21.5- 
14.3 - 



2 3 4 5 6 7 8 9 10 II 12 13 14 



Figure 7 



SUBSTITUTE SHEET (RULE 26) 



PCT/USMA41C8 




SUBSTTTUrt SffiET (RILE 26) 



WO M/24291 



9/ 1 1 



FCT/US94AMI68 



C\J 
CO 

Q- 

f\j t- co 

CO CO 10 
O O 

in to w 

f*- CO 

002: 

a a a 

CO CD 
OOO 
tJ- 

X ^ X 
II U II 
f- CVJ CO 




Q) 



I I 



3 2 



O Q 
82 



SUBSTITUTE SfiEET (RULE 26) 



FC17USM/M1CS 



Ncol 



gin 172 

PstI 233 
SstI 
Hindi 



Hinci: 



Bfflll 2290" 

Xba I 



I 359 
[incll 



indin 621 




Figure 10 



FCT/U5M/M168 



Hind 



Jill 172 

V PSCI 233 
SstI 
Hindi 



Bglll 2290' 

Xba I 



al 359 
incll 



indlll 621 




Figure 11 



PCT wo*ld p*rnjuacTTMi. wtopsrn 

INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



C12N 15/«, 1/21, A61K 39/015, 39/112 
A6IK 39/29// (Cl2N 1/21. C12R 1*2) 



WO 94/24291 
2TOc**c* 19M (37.10M) 



PCT/U594J0416I 
13 April 1994 (13.04.94) 



15 Afrt 1993 (1J.04.93) US 



(T2)Ima*rc CUKTOS. Roy. 01; 6065 Lkxfetl Boofarutf, 
SL Loafa. MO 63112 (US). 5CH0DEL, Ffariaa; U00 
M*p»oo4 Awn, Sihw Sprfa*. MD 20910 (US). 

(74) Afcafc HOLLAND. Domld. fU Rejfau Howell A Htfetsxip. 
Srf* 1400, T7J3 Ferry* Bodrod, St Urn. MO 63 105- 
1117 (US). 



4Stetai AU, BB. BO, BR. BY. CA. CZ» FL E 
IF. KF. XX. EZ. LK. LU, MO. MN. MW, NO. NZ. Fi, 
RO. RU. SO. SX. UA VN. European pMeM (AT. BE. CH, 
D6» OX. ES, PR. CB, OR. IE. IT. LU, MC, NL. FT, SEX 
OAFI p«tmt Of. BJ. CP. CO. CL CM. OA GN. ML. MR. 
NB. SN. TO. TOX 



Wit* iMcnuiioMl mrt * report. 
Before Ui4 txpttmxio* of (he time 
eUirJU mj*M to be republished in tk 



(M) Dal* *T paMlcilt— of U« IMcrutleMl u*fri report: 



J RECOMBINANT SALMONELLA. THEIR USE IN ANTI-MALARIAL 





ft*g« 1 of 2 



INTERNATIONAL SEARCH REPORT 



PCT/US 94/04168 



T 3 DOOMBmOOMtDOIDTWUIITANT 








X 


A8ST(tACT$ OF THE GENERAL MEET INC OF THE 
AMERICAN SOCIETY FOR MICROBIOLOGY, Hay 
1992. WASHINGTON US 
page 158 

FL0R1AN SCHOOEL ET AL. 'Avlrulent 
Salmonella typhlmurlui And S. typhi 
expressing hybrid Hepatitis 8 virus 
core/pre-S genes for oral vaccination' 
see abstract no. E-84 


1.11.13, 


A 


WO, A, 89 02924 (PRAXIS BIOLOGICS, INC.) 6 
April 1989 

tee page 11, line 33 - page 13. line 30 
see pag« 20, 11a* 21 - page 22, line 6 


I- 5.8, 

II- 16 




vn a m lmnfi fumtm lah$ ag) W (brasher 
1988 

tee page 2, paragraph 2 - page 4, 
paragraph 2 

see page 4, paragraph 4 - page 6, 
paragraph 2 

see page 14, paragraph 6 

see page 15, paragraph 3 -paragraph 4; 

examples 19,20 


I- 6, 

II- 16 


A 


NATURE. 

wnl ttn n a ?fi HnwMh*p 1QS7 LONDON 

GB 

pages 381 - 384 

B.E. CLARKE ET AL. * Improved 

lamunogenlclty of a peptide epitope after 

fusion to hepatitis B core protein 1 

cited 1n the application 

see page 382, left colum, paragraph 2 - 

page 383, right colum, paragraph 1 


1.11.13. 


A 


BIOTECHNOLOGY , 

vol.6, no. 6, June 1988. NEW YORK. US 
pAQfts 693 ™ 697 

KOJI NAKAYAMA ET AL. 'Construction of an 

aso> expression 'Cloning vector: stable 

Maintenance and a high level expression of 

cloned genms 1n a Salmonella vaccine 

strain' 

see abstract 

see page 694, right column, paragraph 4 - 
page 695, right column, paragraph 2 


1,8-11. 
13.15 

t 
< 
1 


P.X 


JOURNAL OF CELLULAR BIOCHEMISTRY 

Supplement 18C, 1994, page 232 

PATRICIA LOMDONO ET AL.: 1 Use of a double • 

Salaonella mutant to stably express HPV16 

E7 protein epitopes carried by the H8V 

core antigen.* 

see abstract no. MZ 314 


1.11.13, 
15 



page 2 of 2 



INTERNATIONAL SEARCH REPORT 


PCT/US 94/04168 






'■(«) 


PwMkaflaa 



US-A- 


5112749 


12-05-92 


AU-A- 


2813589 


18-04-89 


EP-A- 


0383833 


29-08-90 


JP-T- 


3500246 


24-01-91 


OA-A- 


9200 


30-06-92 


AU-A- 


1985588 


19-01-89 


AU-A- 


1995888 


19-01-89 


VO-A- 


8810301 


29-12-88 


EP-A- 


0299242 


18-01-89 


EP-A- 


0304578 


01-03-89 


EP-A- 


0300213 


25-01-89 


JP-T- 


2501186 


26-04-90 


JP-T- 


2501187 


26-04-90 



